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ABSTRACT 
 
Northern Diamondback Terrapin (Malaclemys terrapin terrapin) hatchlings from the 
Great Marsh of Barnstable, Massachusetts on Cape Cod were studied as part of a 
headstarting program at Boston College. Although headstarting programs are relatively 
common methods to revive wild turtle populations, concern exists over the ability of 
headstarted terrapins to exhibit normal behavior when released into the wild. 
Observations of terrapins in the wild and in the laboratory suggest that terrapins are 
highly social and that these social interactions are modulated by kinship relations. This 
study investigated the social behavior of juvenile terrapins while they were basking on a 
restricted site. Groups of familiar kin and nonkin, and unfamiliar kin and nonkin were 
tested. Familiar kin were found to bask in larger groups and showed a willingness to 
share the limited basking site. Unfamiliar nonkin also interacted, but were more 
aggressive. Unfamiliar kin and familiar nonkin were not distinguishable in their 
behaviors. These results suggest that terrapins form social groups based on both 
familiarity and relatedness. Learning how captive headstarted terrapins form social 
groups and share resources may provide key information for their survival and recovery 
efforts in Massachusetts.  
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LITERATURE REVIEW 
Diamondback terrapins (Malaclemys terrapin) (henceforth referred to as 
"terrapins") are a brackish water emydid turtle that live in estuaries and salt marshes. 
They are the only estuarine turtle in the United States and their habitat is confined to a 
narrow strip of habitat along the coast (Conant and Collins 1998). Their range includes 
most of the eastern seaboard of the United States, from Corpus Christi, Texas to Cape 
Cod, Massachusetts, and includes seven subspecies (Ernst 1994). None of the subspecies 
are reproductively isolated. Individual terrapins show a great deal of variation in color 
and intensity of markings (Montevecchi and Burger 1975; Ernst 1994). In addition, adult 
terrapins show extreme gender dimorphism with females' carapace length ranging from 
15 to 23 cm and males' from 10 to 14 cm (Ernst 1994).  
Diamondback terrapins are an important macroconsumer in the estuary and salt 
marsh ecosystem (Hurd 1979). Terrapin species are active and mobile foragers and feed 
primarily on mollusks and crustaceans (Tucker 1995). Both of these characteristics 
contribute to the importance of their role in the salt marsh. Despite this, little is known 
about their behavior and life history traits; their nesting strategies, on the other hand, have 
been well-documented and recorded (e.g. Feinberg; Giambanco; Montevecchi and Burger 
1975; Burger 1977; Auger 1979). 
Habitat destruction and the aftermath of human predation have threatened terrapin 
populations throughout their range. Throughout the late 19th and early 20th centuries, 
terrapins were commercially sought after for their meat. This resulted in their commercial 
farming and the eventual over-exploitation of many populations (Coker 1920). When 
commercial demand declined, largely as an indirect result of prohibition and the Great 
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Depression (Marganoff 1970), terrapin populations began to recover. However, they now 
face human caused habitat destruction across their range. Because terrapins prefer sandy 
beaches for nesting purposes, they are at odds with human interests, which require sandy 
beaches for developmental and tourist purposes. In recent years, significant amounts of 
development have occurred along the terrapins' ideal nesting locations. The increase of 
human traffic in these areas has also led to an increased number of terrapins – both adult 
and hatchlings – killed by cars (Wood and Herlands 1997).  
This study focuses on the Northern Diamondback Terrapin (Malaclemys terrapin 
terrapin), specifically the population occurring in the Great Marsh of Barnstable on Cape 
Cod, Massachusetts. Northern terrapins range from Cape Cod, Massachusetts, to Cape 
Hatteras, North Carolina and are listed as threatened in the state of Massachusetts. The 
Great Marsh is ca. 3000 hectares and has an estimated terrapin population of several 
thousand individuals (Auger 2006). The Marsh is bordered to the north by Sandy Neck 
Barrier Beach, which has been recognized at the private, municipal, state, regional, and 
federal levels as a significant natural resource. Sandy Neck is designated by the State of 
Massachusetts as an Area of Critical Environmental Concern (Group 2003). Furthermore, 
the marsh is protected as a Wetland Resource Area by the Massachusetts Wetlands 
Protection Act, and the Sandy Neck ecosystem therein is strictly protected (Group 2003).   
The Diamondback terrapin population that nests on Sandy Neck is a focal point 
for conservation efforts in the area. Because this terrapin population is at the 
northernmost area of the distributional range, it encounters unique challenges from 
southern populations; specifically, the population experiences colder and more extreme 
weather conditions. Nests laid late in the season here may face overwintering and are thus 
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at a greater risk of freezing than nests in the more southern areas of the terrapins' range 
(Auger 1979; Ultsch 2006). 
The Great Marsh population has been part of a protective headstarting program 
begun by Dr. Peter Auger in association with Boston College since 1999 with the purpose 
of revitalizing the population. The headstarting program involves the removal of a small 
number of terrapin nests from the wild in the summer, and hatching and raising terrapin 
hatchlings in the laboratory through the winter. Headstarted terrapins are released into 
their natural habitat the following spring. During headstarting, terrapins are fed an 
inflated, consistent, and nutrient-rich diet, have constant access to basking conditions, 
and warm water – all conditions that would be considered limiting in the wild. This 
results in an accelerated growth of terrapins so that upon release in the spring, eight to 
nine month old terrapins are approximately the size of three to five year old turtles. 
Although headstarting programs are fairly common, the utility and appropriateness of 
such programs have been called into question, due to the possibility of abnormal behavior 
in released captive-raised juveniles. This may result from being raised in laboratory 
conditions, as well as an overall lack of knowledge about survival rates of juveniles once 
released and about behaviors and mortality rates of wild adults (Heppell, Crowder et al. 
1996; Seigel 2000). Headstarting programs have been shown to increase hatchling 
survivorship in many species of sea turtles, but it does not seem to increase the 
population size when adult mortality is already high (Heppell, Crowder et al. 1996). 
Mitrus (2005), in a study on headstarting in European pond turtles, concluded that 
headstarting programs should still be regarded as experimental until further knowledge 
has been gained regarding adult turtles. Terrapin management plans require special 
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consideration since terrapins are so long-lived and the pre-reproductive survival of 
terrapins is important to increased population growth (Mitro 2003).  
 Little is known about the behavior of terrapins in the wild. In order for 
headstarting programs to be successful, as noted above, more knowledge must be 
acquired regarding the behavior of terrapins in their natural environment. Personal 
observation suggests that terrapins may be socially complex animals and may have the 
potential to form social groups. Headstarting programs sequester terrapins in laboratory 
settings for the first ten-months of their lives, a critical time for physical, mental, and 
social development. Their ability to interact with other terrapins in the wild, to join social 
groups, and to eventually reproduce may be influenced by the conditions in which they 
are raised in the laboratory. Thus, it is essential to allow terrapins to develop sufficiently 
in the laboratory so that they can function properly in the wild when released and so that 
they may ultimately have the ability to reproduce. 
The age and size at which sexual maturity is reached varies with gender: males 
typically mature around three years, with a 9 cm plastron length and females typically 
mature around six years with a 13.2-17.6 cm plastron (Cagle 1952). Ernst (1994) and 
Coker (1920) noted that sexual maturity comes at a younger age under conditions of 
accelerated growth. Since gender in terrapins is dependent upon the temperature of the 
nest (Ernst 1994), it may be possible for headstarting programs to focus specifically on 
increasing the number of sexually mature adults in a population. Gibbons (2001) noted 
the phenomenon of males outnumbering females in some populations and females 
outnumbering males in others. This most likely indicates a biased system of survivorship 
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depending on location, and accelerated maturity may allow researchers to introduce 
mature adults of either gender into populations lacking in either sex.  
Terrapins lay nests from May through July, with females on Sandy Neck laying 
nests from June to late July (Auger 1979). Nests are laid on both vegetated and 
unvegetated sandy dunes. In 2003, turtle monitors identified 48 nests on Sandy Neck 
Beach, a much lower number than the 82 identified in 2001 on the beach (School 2003) 
and lower than the number of nests found in more southern regions (Montevecchi and 
Burger 1975). Females tend to nest on the western section of Sandy Neck and display a 
tendency to nest in clusters (Auger 1979). This suggests that terrapins may have some 
homing ability associated with nest site selection, which is reinforced by the fact that 
independently nesting females tend to return to a particular location (Auger 1979). It is 
unknown at this time if these locations are where the females were born.  
Females from many species of turtles have been found to return to their natal 
nesting site when it is time for them to nest. This is best studied in sea turtles, including 
green turtles and loggerheads. It is unknown at this point whether turtles use natal 
homing or are led to nesting sites via social interactions (Meylan, Bowen et al. 1990). 
Christens and Bider (1987) found that the painted turtle showed nesting site fidelity. In 
mark-recapture studies of red-eared sliders, 90% of nesting individuals were recaptured at 
their original site (Tucker 2001). Lovich and Gibbons (1990) have found that terrapins 
show high site fidelity and limited dispersal. Gibbons' mark-recapture studies (2001) 
recaptured adult terrapins in the same tidal creeks for 16 consecutive years, indicating a 
very high level of site fidelity. This also indicates that site fidelity is not confined to just 
nesting females, but includes all adults. Wood (1997) suggests that hatchlings may 
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imprint on their release point, which would allow them to return to their nest location and 
result in nest clustering, as witnessed in other studies (Auger 1979; Lovich and Gibbons 
1990).  
Females have the ability to store sperm from males for up to four years, although 
fertility decreases rapidly after two (Hildebrand 1929). While female terrapins have been 
known to form large breeding aggregations (Feinberg; Ernst 1994), no turtle species is 
known to form cohesive social groups (Pearse and Avise 2001). Because females are able 
to store sperm from many males simultaneously in her reproductive tract, multiple 
paternity is a possibility in a single clutch (Pearse and Avise 2001). Pearse (2002) found 
that 30% of clutches in painted turtles were fertilized by multiple males. Furthermore, 
multiple paternity was positively correlated with clutch size, and subsequent male mating 
partners had paternal precedence over previous mating partners (Pearse 2002). Pearse 
(2002) suggests that there may be indirect genetic benefits to the offspring via higher 
reproductive success; furthermore, this phenomenon might increase female control over 
paternity, which is particularly important since terrapins do not practice any form of 
parental care. 
Females in northern locations lay more eggs per clutch than those in the south 
(Montevecchi and Burger 1975; Ernst 1994). Egg size has been found to be directly 
correlated with hatchling size, which may be important to hatchling survivorship and the 
age at which sexual maturity is reached (Roosenburg 1996). It has been found that 
females who lay smaller eggs are more likely to choose a nest site which will result in 
male offspring, while females with larger eggs will likely choose a location that results in 
female offspring (Roosenburg 1996). The length of incubation of eggs is a function of 
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temperature. Incubation in New Jersey ranges from 61-104 days (Montevecchi and 
Burger 1975). Eggs deposited later in the season generally have a longer incubation time 
(Burger 1977). Incubation period is also reliant on the slope of the nest relative to the 
sand dune, depth of the egg, and size of the egg (Montevecchi and Burger 1975). 
Hatchlings from a nest emerge over the course of two to four days, with the top egg 
always hatching first (Burger 1977). Nests generally begin to hatch in late August or 
early September on Cape Cod (Lazell 1979). When nests are laid late in the season, there 
is a possibility of overwintering (Lazell and Auger 1981); however, successful 
overwintering has not been recorded on Sandy Neck Beach in approximately 25 years 
(School 2003). 
Hatchlings have carapace lengths ranging from 2.5 to 3.4 cm and weigh between 
5 and 10.8 g (Reid Jr 1955; Burger 1977; Seigel 1980). Little is known about the 
orientation system used by hatchlings, although they have been reported to move towards 
vegetated areas, regardless of the slope (Burger 1976; Lovich, Tucker et al. 1991). Very 
little is known about turtle hatchling behavior for the first few years of their lives, which 
led Archie Carr to call this period the "lost years" in green turtles, but it is also fitting for 
terrapin hatchlings. Juveniles are virtually absent from mark recapture studies (Hurd 
1979; Gibbons 2001) which begs the question, "where are they?" Ernst (1994) speculates 
that terrapins spend the first few years of their lives in tidal wrack and flotsam; however, 
it is critical to know where these juveniles are and what they are doing in order for 
conservation programs to be fully effective (Heppell, Crowder et al. 1996; Hauswaldt and 
Glenn 2005). 
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 Basking is common in turtles (Boyer 1965). The purposes of basking behaviors 
are to regulate metabolism and - in the case of semi-aquatic turtles like terrapins - to dry 
off, which may prevent disease (Boyer 1965; Brattstrom 1965). Male and female painted 
turtle adults were found to bask for the same amount of time, but juveniles were found to 
bask for shorter amounts of time than adults (Lefevre 1995). Furthermore, no relationship 
was found between adult body size and the duration of basking (Lefevre 1995). Lefevre 
(1995) found that painted turtles displayed fidelity in their choice of basking sites. In the 
Great Marsh, basking sites vary with tidal changes, so that a terrapins' ability to bask is 
temporally limited (Auger 2006). Thus, terrapins are often observed basking in large 
groups along the sides of the creeks (Auger 2006). Interactions within aggregations 
between turtles on basking sites are a common occurrence (Bury 1973) and such 
behaviors may prove important to defining and understanding social behaviors in 
terrapins.  
 Aggressive behavior has been documented in a variety of turtle species, including 
wood turtles (Seigel 1980; Kaufmann 1992), desert tortoises (Niblick, Rostal et al. 1994), 
red-eared sliders (Cadi 2003), and pond turtles (Bury 1973). Often, aggression is related 
to competition for a mate (Kaufmann 1992; Niblick, Rostal et al. 1994) or space 
limitations on basking sites (Bury 1973). Aggressive encounters between Pennsylvanian 
wood turtles over a basking site have been documented in the form of nudging, ramming, 
and biting (Kaufmann 1992). In order to displace other turtles from the basking site, 
aggressive behaviors such as biting and ramming have also been reported in western 
pond turtles (Bury 1973). In desert tortoises, males have been found to form hierarchies, 
based first upon size and then upon previous encounters and territorial home range 
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(Niblick, Rostal et al. 1994). Encounters between male wood turtles were found to be 
88% aggressive and revealed a rank order, correlated with age and weight (Kaufmann 
1992).  
 Reptiles in general are typically viewed as being asocial. However, recent study 
has revealed additional levels of social complexity in many reptiles, and the possibility 
remains in turtle species. Evidence for sociality has been seen in some turtle species. The 
return of female sea turtles to natal nests may be attributable to social interactions 
between females (Meylan, Bowen et al. 1990). Since terrapins have been seen to bask in 
large groups (Auger 2006) and females are known to congregate during mating season 
(Feinberg) and to nest in clusters (Auger 1979), there is evidence for sociality in 
terrapins. This study is most concerned with how and if terrapins form social groups and 
if grouping is biased towards related and/or familiar individuals. Preliminary research of 
captive terrapins indicates that groups of familiar kin bask in larger aggregations and 
interact more often and more aggressively than groups of unfamiliar nonkin (MacDonald 
2007). Whether this discrepancy is due to familiarity or relatedness is still unknown. 
Thus, the issue of whether or not kin recognition occurs in terrapins and how this may 
impact their behavior accessing a limited resource (i.e. a basking site) is important. 
Sociality does not require kin recognition, but it is often a means for the formation of 
social groups and was therefore a focus of this study.  
Many animals group preferentially with related individuals. This may be linked to 
kin recognition, defined as the ability of an individual to distinguish between conspecifics 
based upon the degree of relatedness, which may result in some sort of preferential 
treatment towards related individuals. The effects of this ability may promote a type of 
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altruism to related individuals, prevent inbreeding, and assist in the formation of social 
groups. Kin recognition has been observed in many species of fish, mammals, birds, 
social insects, and amphibians. It is important to note, however, that kin recognition does 
not require a conscious knowledge or awareness of relatedness. Kin recognition may 
occur via familiarity or phenotype matching. Phenotype matching involves visual, 
auditory, or chemical cues which an individual to form a template for relatedness, with 
which it evaluates other conspecifics in subsequent encounters. (Tang-Martinez 2001)
 Until recently, most reptiles were thought to not exhibit kin recognition or social 
behaviors unrelated to breeding. Although not currently reported in turtle species, kin 
recognition has been established as fairly common in other reptile species. Hatchling 
iguanas tended to group with siblings and avoid unrelated hatchlings (Werner 1987). 
Juvenile common lizards have been shown to recognize their mother (whether familiar or 
not) and only familiar kin (Lena and Fraipont 1998). Australian lizards basked for shorter 
periods of time and were more aggressive when in the presence of an unrelated 
individual; they displayed low aggression to familiar relations (Bull, Giffin et al. 2001). 
Black rock skinks have been shown to form 'nuclear families', with 65% of individuals in 
family groups with at least one parent present (O'Connor 2003). Family structures were 
also found in the Australian lizard (Gardner 2001). Both species display monogamy and 
stable social groups. In social lizards, juveniles discriminated between familiar adults 
from their social group and unfamiliar adults, which showed that discrimination is based 
upon familiarity rather than relatedness (O'Connor 2006). Rattlesnakes have also been 
shown recently to form social groups and to associate more closely with siblings (Clark 
2004). Mark-recapture data also suggests that sea snakes may be forming social groups 
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since snakes captured at the same time were generally recaptured at the same time, at a 
rate more than would be predicted by chance or environmental conditions (Shine 2005). 
 However, discrepancies in behavior and social groups do not have to be based 
upon kin recognition per se. Exposure to conspecifics may lead to the ability to recognize 
individuals, whether they are related or not, and may assist in stabilizing social systems. 
In field studies of wild lizards, Aragon (2001) found that males reacted differently to 
familiar and unfamiliar stimuli. Furthermore, the reaction was stronger to unfamiliars if 
the relative size difference was greater (Aragon, Lopez et al. 2001). This demonstrated 
the ability to discriminate between familiars and unfamiliars, implying that lizards are 
able to recognize individual identity, which may reduce the intensity and frequency of 
agonistic encounters.  
 Kin-selection theory (Hamilton 1964) applies individual fitness selection to the 
overall fitness of a population. This sort of social behavior causes a restraint on selfish 
behavior and an increase in the possibility of self-sacrifice by individuals. For example, a 
larger terrapin may be willing to allow its smaller sibling more access to a limited 
resource, so that the total inclusive fitness of the group is increased. Furthermore, it is 
possible that smaller siblings may recognize that larger siblings are more likely to 
succeed and, thus, sacrifice themselves (Waldman 1988). In a potentially social animal 
like terrapins, this may have important implications for advantages of sociality in terms 
of increasing the fitness of the entire population. Because terrapins show relatively small 
genetic variation both within and between populations (Hauswaldt and Glenn 2005), 
these behavioral effects may be limited. For example, gene flow would be in a reduced in 
a position where populations are already very genetically similar. 
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 However, many studies have shown that grouping with kin, for at least a time in 
development, increases growth rates of the individuals within that group. Most 
importantly, kin effects on growth do not need to include an active mechanism for kin 
recognition (Waldman 1988). Brown (1996) shows that in juvenile salmonid fish, kin 
groups had a greater mean size and less variable weight gain than non-kin groups. This 
has also been shown numerous times in various species of tadpoles (Jasienski 1988; 
Pfennig 1990; Smith 1990; Pakkasmaa and Aikio 2003). The ability to recognize kin 
diminished as individuals developed (metamorphosis in tadpoles, sexual maturity in 
zebrafish) (Blaustein, Yoshikawa et al. 1993; Gerlach and Lysiak 2006). Changes in 
growth rate based on groupings are especially important in the headstarting of terrapins.  
 The purpose of the current study was to explore the possibility of social behaviors 
in juvenile terrapins raised in captivity. I tested the basking behavior of four groups of 
terrapin juveniles - familiar siblings and non-siblings, and unfamiliar siblings and non-
siblings – in controlled encounter experiments where aggregations and competitive 
interactions were examined. By investigating competition over a limited basking site, I 
hoped to illustrate any discrepancies in behavior between the four groups and to 
determine if terrapins treat conspecifics differently based upon familiarity and/or 
relatedness. The hypothesis that I tested was that familiar siblings would bask in larger 
numbers than the other groups. Furthermore, I predicted that since familiar siblings 
would be more willing to share the basking site, there would be an increased amount of 
general interaction between them due to proximity – whether aggressive or not. I 
hypothesized that any discrepancy in behaviors would be more strongly related to kinship 
than familiarity.  
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In the future, it is hoped that this study will elucidate some of the many questions 
surrounding terrapin hatchling and juvenile behavior and provide key information that 
may contribute to their survival and to aide recovery efforts in Massachusetts. 
Knowledge about the behaviors of juvenile captive terrapins may provide information 
about how wild juveniles and hatchlings behave. With this information, we can focus 
headstarting programs on preparing these terrapins for life in the wild. 
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METHODS 
The purpose of this study was to compare the behaviors of four groups of juvenile 
terrapins regarding the sharing and allocation of a limited resource, in this case, a small 
basking site. Four groups of terrapins were tested: familiar kin, unfamiliar kin, familiar 
nonkin, and unfamiliar nonkin. Familiar groups consisted of terrapins raised in the same 
tank, while unfamiliar groups were composed of terrapins from different tanks. Kin 
groups were comprised of terrapins from the same original clutch, and nonkin groups 
contained terrapins from four different clutches. Based upon differences in the behaviors 
of these four groups, it was hoped that information regarding social behaviors in terrapins 
could be found. 
Experimental Animals 
 Northern Diamondback terrapins (Malachleyms terrapin terrapin) are native to 
the Great Marsh of Barnstable on Cape Cod, Massachusetts (Picture 1). Females lay nests 
in the sand dunes (Picture 2) on both sides of the salt marsh from May to July, typically 
with eight to twelve eggs per clutch (Montevecchi and Burger 1975). Nests determined 
by park rangers on Sandy Neck Beach to be unlikely to survive due to anthropogenic 
factors were removed from Sandy Neck (north side of the marsh) and Meadow Lane 
(south side of the marsh). For the purposes of this study, four nest clutches were used: 
two clutches from Meadow Lane and two from Sandy Neck Beach. A total of 32 
individuals were transported to the laboratory at Boston College. These individuals were 
headstarted from September 2006 through May 2007, when they were released into their 
natural habitat in the Great Marsh.  
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 Four family groups were established from the aforementioned clutches. The first 
was from Sandy Neck, referred to as "sn2". The second family from a different nest on 
Sandy Neck was referred to as "snsib". Two nests were removed from Meadow Lane and 
identified as "ml1" and "ml2". Hatchlings not used in this study were released into the 
wild soon after hatching.  
Terrapins in each family group were at least maternal siblings; different levels of 
relatedness may exist, however, among siblings from each clutch. Sperm from the most 
recent copulation are assumed to be more viable and consequently, more likely to fertilize 
the eggs (Hildebrand 1929), but full siblingship in a family cannot be assumed without 
genetic analysis, which was not performed as past of this investigation. 
Individual terrapins were also notched for identification purposes by making two 
small incisions in the marginals on the carapace: one for individual identity in a familiar 
group and one to differentiate individuals within familiar groups (Picture 3). This method 
of identification is common in turtles (Giambanco) and subtle; therefore, it is assumed to 
not have any significant effect on the ability of terrapins to recognize each other. During 
video-taped trials, these notches were not discernable, so there was no way to determine 
individual identity, although size differences could be easily noted. Re-notchings were 
performed regularly throughout the year to account for notches filling in as terrapins 
grew. Care was taken not to notch terrapins on days they were being tested in order to 
avoid stressing the animals.  
Husbandry 
 Upon collection (Picture 4), eggs were separated into individual compartments, 
buried in moist sand approximately seven cm below the surface taken from the original 
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nest location. Eggs were reburied so that their original position in the natural nest was 
maintained (i.e. bottom eggs on bottom, etc). Eggs were incubated to maintain a 
relatively constant temperature of 27oC. Upon hatching, terrapins were removed from 
their compartments (Picture 5) and placed into hatchling headstarting tanks, which were 
divided into seven partitions (Picture 6). False bottoms were used in hatchling 
headstarting tanks to keep the water level relatively shallow, a safety measure as 
hatchlings developed their swimming abilities. In November 2006, terrapin maturation 
allowed for terrapins to be put into deeper standard tank arrangements, in which 
partitions divide four terrapins (Pictures 7a and 7b).  
 Terrapins were organized into tanks based on siblingship. In hatchling 
headstarting tanks, partitions that could be seen through were used between terrapins in 
familiar experimental groups and solid partitions were used between terrapins that were 
not to be used in familiar groups. These solid partitions visually blocked the terrapins 
from each other, but did not necessarily block smell or other possibly means of 
recognition that may be transferred through the water. (See Picture 6) It is unknown how 
and if terrapins recognize other conspecifics. Once in normal headstarting tanks, terrapins 
were arranged either with only siblings or only nonsiblings as their permanent 
experimental familiar group. Due to the fact that one of the families had only seven 
members, one hatchling from a different nest on Sandy Neck was put into a familiar 
nonkin group. This hatchling was not used in any other experimental trials except that of 
this familiar tank.  
 Water temperature in the tanks was maintained at a constant temperature of 26oC 
with a salinity of 12 ppt. Tank systems were under a 12-hour light/dark light regime. 
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Terrapins in individual compartments of the tank had access to a basking site with direct 
light from specialized reptile bulbs (Picture 8) and were fed nutritional pellets daily 
(Picture 9). Until terrapins ate over 40 pellets consistently, pellet consumption was noted 
and carefully monitored to determine the extent to which various terrapins were thriving. 
Growth 
 Growth was measured weekly for all terrapins following their arrival at Boston 
College (Pictures 10a and 10b). Weight and plastron length were used as a standard for 
individual growth. This data was used to monitor growth of terrapins raised under 
headstarting conditions and for information regarding how size may influence behaviors. 
Experimental Protocol 
 Beginning in November 2006, experiments were conducted on groups of terrapins 
from four categories: familiar kin and nonkin, unfamiliar kin and nonkin. Familiar groups 
were defined as terrapins raised in one tank together; unfamiliar groups were four 
individuals which had been raised in separate tanks. Kin groups were terrapins from the 
same original nest clutch; nonkin groups were four terrapins each from a different nest 
clutch. Experimental groups were organized as shown in Picture 11. 
The experimental set-up featured an experimental tank with a single brick ramp 
leading to a single brick basking location, located opposite the filter, and recording 
equipment (Picture 12). A heat lamp was placed directly above the basking site, making it 
the most intensely lit and warmest location in the tank (Picture 13). The small size of the 
basking site and focused lighting created conditions that allowed for study of terrapin 
behavior around a limited resource (i.e. the basking site). The small size was intended to 
stimulate competition among the terrapins in an experimental group for a location on the 
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site. In each experimental trial, four terrapins from a specific grouping category were 
placed in the tank for a total of ninety minutes: thirty minutes of acclimation and sixty 
minutes of testing time. Thirty minutes was the observed time for terrapins to become 
comfortable in the unfamiliar setting of the experimental tank and to begin to bask. Trials 
were videotaped and human presence kept to a minimum at these times to prevent any 
discrepancies in natural behavior that may result from human presence. Furthermore, 
terrapins were fed immediately before testing in order to avoid any effects hunger may 
have on terrapin behaviors. 
In total, 67 trials were conducted, totaling 17 weeks in which trials were run. One 
experiment from each category (i.e. familiar kin, unfamiliar kin, familiar nonkin, 
unfamiliar nonkin) was run each week. Two trials were not included due to a mistake in 
terrapin identity; the camera was improperly adjusted in another; in two trials, no basking 
occurred. This resulted in a total of 62 tapes that were statistically analyzed. 
Experimental Analysis 
 Tapes were evaluated in two ways: first, the number of individuals congregating 
on the basking site was noted for each minute of the testing time; secondly, behaviors 
were noted both quantitatively and qualitatively for the sixty minutes of testing time. 
Tapes were also analyzed by students in Dr. Peter Auger's Methods in Environmental 
Study course at Boston College. This provided a control in scoring methods.  
Behaviors previously described by MacDonald (2007) served as the basis for 
interpretation and were modified as needed. Only behaviors that occurred when a terrapin 
was on the basking site were used in analysis, although notes of interactions in the water 
were made. Position on the basking site was defined as having control over position (i.e. 
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stable on the site), with the majority of the shell out of the water (Picture 14). Behavioral 
interactions were tallied for the following: 
• Biting – physical contact between one terrapins' mouth on another's body, 
either a limb or shell. Each bite was tallied as an individual action. Notes 
were made when biting occurred in the water, but not counted, as were 
any unique or uncategorized behaviors.  
• Posturing – an "aggressive stance" adopted by an individual. Terrapins on 
the site often had their body slightly raised by the front legs with the head 
up and raised straight.  
• Gaping – open-mouthed gesture that varied in duration, openness degree 
• Hissing – an open-mouthed, gape-like gesture, but usually with head out 
towards another individual in an aggressive manner. Furthermore, hissing 
elicits a response from the individual to which it is directed. 
• Climbing – one terrapin moving its body on top of another terrapin either 
all the way on top or just leaning up against, as long as part of body was 
elevated using another's body. Each attempt was counted individually. 
• Blocking – when a terrapin on the site physically moves/alters body 
position to prevent another terrapin from getting onto the site. Blocking 
can be passive or aggressive: passive blocking involves preventing another 
from coming up the ramp without any physical contact; aggressive 
blocking was defined to be when a terrapin may come into contact with 
the terrapin attempting to climb onto the site, for example by tilting its 
shell. Again, each attempt was counted as a single event.  
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• Shaking – an indication of unwanted climbing that occurs when a terrapin 
is climbing on top of another and the terrapin on the bottom shakes its 
body to try to get the climber off. Each shake was counted as a single 
interaction. 
• Spatial Displacement – when one terrapin is dislodged from the basking 
site as a result of crowded conditions. The terrapin is not forced off, but 
simply falls/trips off accidentally as a result of other terrapins on the site. 
• Passive Displacement – when a terrapin leaves a basking site due to the 
behaviors of another, but no physical contact occurs (e.g. hissing, 
intimidation). 
• Aggressive Displacement – when a terrapin leaves the basking site due to 
the aggressive actions of another terrapin due to physical contact. It was 
noted when displacement occurred as result of a terrapin in the water. 
Such displacements were noted to be a result of one of the following: 
o Shaking – when trying to climb onto another and the terrapin is 
shaken off 
o Biting – displaced as a result of being bitten 
o Pulled off – when a terrapin on the site is pulled off by a terrapin 
attempting to get onto the basking area 
o Pushing/ramming – displaced due to being pushed off by another 
terrapin 
Other behaviors were also noted. Included in statistical analysis were "other" aggressive 
behaviors, particularly ramming and pushing without a resulting displacement. Other 
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behaviors were observed, but occurred so rarely that they were not considered in the 
analysis. However, these behaviors may be important and consequently should be looked 
at more thoroughly in future studies. For example, terrapins were observed crossing their 
extended heads, performing a wrestling-like behavior, and touching their nose to the shell 
of another. Voluntary displacements also occurred and were not analyzed. Occasionally, 
displacement occurred due to some unknown factor, and these incidents were not 
analyzed. 
For statistical analysis, behaviors were combined into more general categories. 
Aggressive displacements were grouped together and causation was not examined 
individually, although future studies should look at these more closely. All displacements 
(passive, aggressive, and spatial) were then combined into one forced displacement 
category. A general aggressive behaviors category included biting, blocking, shaking, 
aggressive stance, "other" aggressive behaviors, and hissing. These aggressive behaviors 
were then subdivided into threat and direct behaviors: threat behaviors included 
aggressive stance, hissing, and blocking; direct aggressive behaviors included biting, 
shaking, and "other" aggressive behaviors since these generally consisted of physical 
contact behaviors. Gaping and climbing were examined independently. Posturing was not 
examined due to difficulties in distinguishing between a meaningful aggressive stance 
and general alertness.  
Growth data from the week in which the experimental trials occurred was also 
noted for each trial. This data was used to determine variation in size between the four 
experimental terrapins and to inspect for any correlation between size differences and 
behaviors. 
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Statistical Analysis 
 For the final analysis, n=16 for familiar kin and unfamiliar nonkin groups; n =15 
for familiar nonkin and unfamiliar kin. Statistical analysis was done using JMP 6.0 
(Statistical Discovery SAS Institute, Inc.). Statistical significance was set at p ≤ .05.  
For analysis of aggregations, the raw number of times with 0, 1, 2, 3, or 4 
terrapins on the site for each trial was determined. One-Way ANOVAs were then used to 
compare the instances of times of X (0, 1, 2, 3, or 4) number of terrapins on the basking 
site by group. Two-tailed t-tests were used in the four terrapin on site analysis to dictate 
which groups displayed significant differences. 
Groups were then categorized into familiar and unfamiliar groups in order to test 
the effects of familiarity without kinship. This, therefore, combined familiar kin and 
familiar nonkin into one group to be labeled "familiar" and unfamiliar kin and unfamiliar 
nonkin into an "unfamiliar" group.  Kin and nonkin groups were also grouped by 
combining familiar kin and unfamiliar kin into a "kin" group and familiar nonkin and 
unfamiliar nonkin into a "nonkin" group. One-way ANOVA tests were performed on 
both of these combinations to inspect whether familiarity alone or kinship alone 
significantly influenced behavior. A t-test was also run on the kin groupings to elucidate 
the results of the ANOVA.  
 Analysis of behaviors was conducted in two ways. First, the occurrences of each 
behavior scored for per trial was compared to the four groups; familiar groups; and kin 
groups. Then, behaviors were divided into more general categories and compared again 
within the three classifications above. Behavioral analyzes were conducted using one-
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way ANOVAs. In order to compare the difference between two specific groups, t-tests 
were also performed when appropriate. 
Using linear regression, the effect of time was also considered. Mean weight and 
plastron length from each family and experimental group was determined and then 
graphed in respect to time. This analysis did not take into account the date of hatching – 
i.e. how old the terrapins were. The correlation between time and size parameters was the 
determined. The mean number of turtles on site (regardless of group) was also correlated 
with time. The effect of time was also analyzed for each type of behavior using both one-
way ANOVAs and correlations tests.  
 The effect of size differences in turtles in each individual group was determined 
by using the standard deviation in body weight and plastron length for each experimental 
group. The standard deviation was used since it illustrates variation in size, but is not 
disproportionately affected by the two extremes (largest and smallest terrapin). 
Furthermore, the mean number of turtles on the basking site for each trial was found and 
used in these analyzes as a general indication of crowdedness on the basking site. A one-
way ANOVA was used to determine the significance of this relationship. The correlation 
between standard deviation and mean number of terrapins on the basking site and each 
behavior was found using linear regression. 
 Finally, the effect the number of turtles on the site had on types and frequency of 
observed behaviors was determined, again using one-way ANOVAs and correlation tests. 
The mean number of turtles on site was used using linear regression. None of these 
analyzes of effects of size, weight differences, or time took into account the category of 
each experimental group.  
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RESULTS 
 From November 2006 to March 2007, a total of 67 trials were run. Five of these 
trials were not used in analysis for various reasons, leading to a total of 62 trials in the 
final analysis. Final statistical analyzes were based on 16 trials of familiar kin and 
unfamiliar nonkin, and 15 trials of unfamiliar kin and familiar nonkin.  
All figures, charts, tables, and graphs are included in the appendix. Symbols were 
placed above significant differences in the bar graphs. All results not included herein 
were insignificant (p > .1) and deemed irrelevant to the specifics of familiar/unfamiliar 
and kin/nonkin relationships.  
Growth 
 Growth was monitored throughout the duration of experimental analysis. Growth 
data of individuals can be seen in Table 1 and individual weights in Figure 1. Weight and 
plastron length organized by experimental groups are seen in Table 2. From this, it can be 
seen that terrapins in a family were all approximately the same size and weight at 
hatching, but quickly began to grow at different rates. The mean weight of each family of 
terrapins can be seen in Figure 2. Mean plastron length for each family is seen in Figure 
3. It is readily apparent from these graphs that the Sandy Neck Nest 2 family, Meadow 
Lane Nest 2 family, and Sandy Neck Siblings family are very similar in their mean 
weight and plastron length. Meadow Lane Nest 1 family, however, is smaller than the 
other three families.  
 From the graphs, it can also be noted that terrapins were approximately the same 
size after hatching and, approximately one month after hatching, they grew very quickly. 
Plastron length did not increase at the same rate at which weight did. Weight of all 
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terrapins increased almost exponentially after terrapins began eating (approximately one 
month after being brought to Boston College).  
Aggregations 
 Terrapins were found to bask in groups of differing numbers. Congregations of 0, 
1, 2, or 3 terrapins on the basking site were not found to be significantly different 
between the four categorical groups based on the ANOVA test (p = .8865; p = .1396; p = 
.6834; p = .2388 respectively). The ANOVA test for number of instances with four 
terrapins on the site per trial between the groups, however, was found to be significant, 
with a p = .0151 (See Table 3). The t-test revealed familiar kin to be statistically different 
from all other three groups, but none of the three groups to be statistically different from 
each other (See Table 4). Familiar kin are basking in groups of four significantly more 
than the other three groupings. This is summarized in Figure 4 with the mean number of 
times four terrapins were on site per trial versus the group.  
The familiarity analysis of aggregations revealed that familiarity alone was not an 
influence on the number of terrapins on site, as none of the tests revealed significance. 
The kin ANOVA was nearly significant, right at p = .051, for groups of four terrapins on 
the site. Figure 5 and Table 5 show these differences. A one-tail t-test, analysis seen in 
Table 6, showed that the lower tail was significantly different at p = .0258.  
The mean number of terrapins on the basking site in experimental trials was found 
to be highly negatively correlated to the week of experimental analysis (correlation = -
0.73055) and an analysis of variance showed that the relationship was highly significant 
(p < .0001). (Figure 6) Furthermore, the mean number of terrapins on the site was also 
found to be highly correlated with both the mean weight of the experimental terrapins 
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(correlation = -0.7403) and the standard deviation (correlation = -0.60384). An analysis 
of variance for the linear regression showed that these relations were also very significant 
(p < .0001 for both) (See Figures 7 and 8). These data are summarized in Table 7. 
Behaviors 
 Differences in behaviors performed existed among the four categorical groups. 
All one-way ANOVA values are found in Table 8. Correlation analysis of behaviors with 
the average number of terrapins on the site can be seen in Table 9. The correlation data 
between weight standard deviation of experimental terrapins and behaviors is found in 
Table 10. Table 11 shows the correlation between behaviors of terrapins and 
experimental week.  
The one-way ANOVA for aggressive behaviors revealed a significant difference 
between groups with a p = .0266. These differences are shown in Figure 9. As Table 12 
shows, a t-test revealed that unfamiliar nonkin were significantly more aggressive than 
familiar nonkin and unfamiliar kin (p = .0066 and p = .0170). The difference between 
unfamiliar nonkin and familiar kin was not statistically significant (p = .2177).  Familiar 
kin were not significantly more aggressive than either familiar nonsiblings or unfamiliar 
siblings. Figure 10 shows that aggressive behaviors were positively correlated (.3823) 
with the mean number of terrapins on the site and analysis for the linear regression shows 
that this relationship is significant (p = .0022). Aggressive behaviors also significantly 
decreased with time (correlation = -.40183; p = .0019) and can be seen in Figure 11. The 
weight difference was slightly negatively related, but this was not significant (correlation 
= -.22004; p = .1).  
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The performance of direct aggression was also statistically different by group. 
(See Figure 12) Table 13 indicates that there existed a significant difference between 
unfamiliar nonkin and familiar nonkin and unfamiliar kin (p = .0133 and p = .0153) but 
not with familiar kin. Direct aggression was significantly positively correlated with the 
mean number of terrapins (correlation = .382309; p = .0022) and seen in Figure 13. Time 
was found to be negatively correlated with direct aggression (correlation = -.41088; p = 
.0015), see Figure 14. The weight standard deviation, however, was not significantly 
related (correlation = -.23249; p = .0818).  
The threat behaviors were not significantly different between groups. 
Furthermore, threat behaviors were not affected by the mean number of terrapins on the 
basking site, time, or the weight standard deviation. 
 A one-way ANOVA test also revealed a difference in the amount of climbing by 
each group (p = .0117). See Figure 15. Familiar kin climbed significantly more than 
familiar nonkin (t-test p = .0023) and unfamiliar kin (t-test p = .0105), but not 
significantly more than unfamiliar nonkin (t-test p = .1272) (See Table 14). Since spatial 
displacement is often a result of climbing, significant differences in spatial displacement 
by group also existed (ANOVA p = .0604) as shown in Figure 16. Again, familiar kin 
experienced spatial displacement more than any of the other groups; a t-test revealed that 
the difference between familiar kin and unfamiliar kin and familiar nonkin was 
significant (t-test p = .0123 and p = .0498) but not with unfamiliar nonkin (t-test p = 
.3216). Likewise, a one-way ANOVA for shaking showed a significant difference in 
groups with a p-value = .0004. See Figure 17. Familiar kin performed the shaking 
behavior significantly more than unfamiliar kin and familiar nonkin (t-test p = .0002 and 
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p = .0004) and is summarized in Table 16. Unfamiliar nonkin also shook significantly 
more than these groups (t-test p = .0226 and p = .0323), but not statistically different 
from familiar kin (t-test p = .1071). All of these behaviors were positively correlated with 
the mean number of terrapins on the basking site (climbing - correlation = .6380; p < 
.0001); spatial displacement – correlation = .565; p < .0001; shaking – correlation = .520; 
p < .0001). These relationships can be seen in Figures 18, 19, and 20. Time, too, had a 
significant negative correlation effect on climbing (correlation = -.444; p = .0005), 
shaking (correlation = -.365; p = .0056), and spatial displacements (correlation = -.429; p 
= .0009). (See Figures 21, 22, and 23) Furthermore, these behaviors also all decreased as 
the size difference between experimental terrapins increased (climbing – correlation = -
.458; p = .0003; shaking – correlation = -.307; p = .0213; spatial displacement = -.436; p 
= .0007), as shown in Figures 24, 25, and 26. 
 Although the ANOVA did not reveal a significant difference, unfamiliar nonkin 
also bit each other more than the other groups (ANOVA p = .0984) and can be seen in 
Figure 27. The t-test analysis, seen in Table 17, revealed that unfamiliar kin bite 
significantly more than familiar kin (.0259) and close to significant with unfamiliar kin (p 
= .0537) and familiar nonkin (p = .0591). Biting significantly decreased with time 
(correlation = -.2616; p = .0493) as Figure 28 indicates, but was not affected by mean 
number of terrapins on the basking site or by weight differences.  
 Gaping was not significantly different among groups (ANOVA p = .4964). (See 
Figure 29) Nor was it affected by time (correlation = .1938; p = .1486), mean number of 
terrapins on the site (correlation = -.12661; p = .3268), or weight standard deviation 
(correlation = .254; p = .057).   
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There was also no difference found in aggressive displacement (p = .3890), 
passive displacement (p = .2353), aggressive stance (p = .1166), and blocking (p = 
.1268). Because of the significances of spatial displacement, forced displacement 
statistics reflected this significance rather than that of a combination of the three possible 
types of forced displacements since aggressive or passive displacements played a non-
critical role. Therefore, forced displacement is not included.  
 No behaviors were found to be significant (all p > .1) based on familiarity or 
relatedness alone. 
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DISCUSSION 
Growth 
Although the rate of growth differs for each individual terrapin, certain trends in 
growth patterns were noted. As Coker (1920) and Ernst (1994) noted, size dimorphism 
displayed by adults begins to manifest itself earlier when terrapins are raised under 
conditions that allow for accelerated growth. This appears to be the case in this study's 
headstarted terrapins as well. As terrapins grew, individual growth rates began to vary, 
despite terrapins being raised under identical conditions. Growth data from this study 
indicates that consistent temperature, light, and diet result in extremely high rates of 
growth for all headstarted terrapins. 
At this age, gender cannot be known with certainty without surgically examining 
individuals, but the discrepancies in individual size by the end of this study may provide 
evidence for the gender of headstarted terrapins. Most terrapin nests produce both males 
and females (Ernst 1994); and so, the beginning of a noticeable difference in size at such 
an early point in terrapins' lives suggests that headstarted terrapins may be reaching 
sexual maturity faster than their wild counterparts.  
The age at which headstarted terrapins reach sexual maturity could be very 
important for wild terrapin populations. Normally, terrapins reach sexual maturity at 
about five to seven years old, with males often maturing sooner than females. If 
headstarted terrapins reach sexual maturity sooner than their wild counterparts, this 
program may be releasing more sexually mature individuals into the environment than 
are afforded by present natural conditions. This would allow for increased rates of 
population growth, particularly if headstarting focused on raising terrapins of the less 
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populous gender in a specific population. It is therefore of great interest and the object of 
a future study to identify the sex of headstarted terrapins at the completion of the program 
to determine if reproductive organs are forming or formed.  
Initial variation in size appeared both within and between groups. Families sn2, 
snsib, and ml2 had similar mean sizes throughout the testing period. Family ml1, on the 
other hand, was consistently smaller (both in weight and plastron length) than the other 
families. While other families grew very quickly and individual growth rates became 
distinguishable, the individual sizes of ml1 terrapins remained fairly invariable. Their 
slower overall growth rate may, in part, be due to the fact that they began to eat at a later 
point than the other families. The specific location of this nest in the wild is unknown to 
the author, and the nest remained there for the majority of its incubation time. Thus, the 
nest site may have been in a location with a relatively lower temperature: this could 
produce a nest of all males, a possible explanation for the relative lack of individual 
variance within this family and overall smaller size.  
Terrapins were fed and housed in separate compartments, eliminating any 
potential effects of kinship or familiarity on growth rates.  However, familiar kin basked 
in significantly larger groups than any other group, suggesting a possibility that familiar 
kin are willing to share a limited resource with their siblings. Even though much of this 
study's data was inconclusive about whether or not kin recognition was actually 
occurring, the fact that familiar kin were unique in their behaviors indicates that 
preferential selection may be occurring. More research, especially involving social 
choice, should be done in the future to clarify this hypothesis.  
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Aggregations 
The mean number of terrapins on the basking site decreased over the course of the 
study. This was expected because the terrapins grew substantially throughout the testing 
period, which meant that fewer terrapins were able to fit comfortably on the site. 
Therefore, the mean number of terrapins on the basking site was negatively correlated 
with the mean weights of the experimental groups. This indicates the high level of 
importance a suitable and large basking site is in terrapin (and, indeed, turtle) species. 
Terrapins are known to bask in large numbers and it is likely that these basking 
congregations are mixes of related and unrelated individuals; therefore, the size of the 
basking site is very important in allowing all terrapin individuals to bask. This is 
especially significant since most groups of terrapins tested here were not willing to 
compromise their space or accept large amounts of physical contact. 
Interestingly, the mean number of terrapins on site was also negatively correlated 
to weight standard deviation. Thus, as size differences increased, terrapins were less 
likely to bask in large groups. Initially, this result is counterintuitive because one would 
think that if size differences between individuals were greater, then smaller turtles' use of 
the basking site would have a less threatening effect on the space usage of larger 
terrapins; this could simultaneously decrease the need for interactions or competition. 
Contrarily, similarly sized terrapins are not as likely to be intimidated by one another and 
may be willing to acquire or defend a basking spot from those turtles with whom it knows 
it can compete. The relationship of basking numbers to weight standard deviations may 
be related to the gender of the terrapins. Though the sexes of experimental terrapins were 
unknown, it is a possibility that groups showing a high weight standard deviation were 
35
mixes of males and females. The literature indicates that social behavior in terrapins may 
be gender-biased. Female terrapins aggregate prior to mating and nest in clusters. No 
literature was found on male terrapin behavior, but competition and dominance 
hierarchies are common social tools for males of other turtle animal species with gender-
specific behaviors. The ratio of male to females at basking sites in the wild is unknown. It 
is therefore possible that terrapins are hesitant to bask with conspecifics of the opposite 
sex. Timber rattlesnakes, for example, have been found to congregate during hibernation 
in female only groups (Clark 2004). 
Familiar kin shared the basking site under crowded conditions even as their size 
increased. Under the conditions of this experiment, the difference between three and four 
individuals on the basking site appears to be critical. One to three terrapins are able to fit 
comfortably on the site without a great deal of contact or interaction, even at their largest 
sizes. For example, when there are three terrapins on the basking site, one terrapin may 
be on the flat part of the site, and two on the ramp, with one partially in the water. 
However, when four terrapins are on the site, it is not possible for them to all be on the 
site without some sort of compromise or physical contact between turtles. Some threshold 
is crossed between three and four terrapins on the site where resource sharing is no longer 
an option for all groups except for familiar kin. No significant difference or noticeable 
trend in basking existed for the familiarity groupings. It was found that the kin group, 
consisting of familiar kin and unfamiliar kin, basked in groups of four more than nonkin 
groups, but not for any other number of terrapins on the basking site. This suggests that 
the role of kinship in aggregations may be important, even though no other significant 
differences in any types of behaviors were found based upon relatedness. 
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More terrapins on the site also generally meant increased opportunities to exhibit 
behaviors. Terrapins in these trials had three options: 1. Do not bask at all; 2. Bask and be 
willing to share with other terrapins; 3. Bask and behave aggressively towards other 
terrapins. With more terrapins on the site, the necessity for performing behaviors like 
climbing increases if terrapins want to bask. Terrapins could also behave more 
aggressively towards each other in hopes of keeping others off the site. These behaviors 
are necessary since all the terrapins cannot all bask otherwise.  
The differences in behaviors noted in basking aggregations in these laboratory-
raised terrapins may be representative of basking groups terrapins choose to form in the 
wild. This study and analysis indicates that unfamiliar and unrelated terrapins are less 
willing to share a basking site under crowded conditions. Basking in large groups under 
crowded conditions may have benefits to turtles. In the event of predation, there is safety 
in numbers since one individual's chance of being picked off is greatly lessened as the 
number of other individuals present on the site increases. Familiar kin are more willing to 
bask in large numbers under crowded conditions and this willingness may increase one's 
chance of survival if they group preferentially with other related individuals.  
The larger aggregations of kin based groups is consistent with past study of 
terrapin basking behavior (MacDonald 2007). Many fish species, including adult 3-
spined sticklebacks, have been shown to prefer to shoal with familiar kin rather than 
unfamiliar nonkin (Frommen 2004). Many lizard species also socialize with familiar kin 
and may form "nuclear family" social groups (Gardner 2001; O'Connor 2003; O'Connor 
2006). The formation of nuclear family groups is unlikely to exist in turtles, but the 
stability of these family groups was similarly found in terrapin kin groupings and may 
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encourage terrapins to bask with kin. Hatchling iguanas are also known to prefer kin over 
nonkin (Werner 1987). The formation of groups in iguanas is likely related to predator 
avoidance and actually occurs in the nest where hatchlings group and then emerge 
together (Werner 1987). Kin recognition could not occur this way in terrapins, since 
hatchlings emerge from the nest individually, but it does suggest that transfer of smell or 
interactions occurring in the nest before emergence may allow terrapin hatchlings to 
recognize each other upon or after emergence.  
The benefits of grouping with kin are often related to resource allocation in a 
variety of species. Kin groups are more likely to share resources with related individuals, 
regardless of size or hierarchical rank (Jasienski 1988; Brown and Brown 1996; Griffiths 
and Armstrong 2002; Pakkasmaa and Aikio 2003). This may be the case in terrapins as 
well since familiar groups were more willing to share resources with familiar kin. 
Increased resource sharing may also result in increased growth within these groups. 
Behaviors 
 This study investigates basic turtle behavior – all terrapins must bask. Even 
though the conditions of this basking site are "unnatural", i.e. would not occur in the 
wild, they stimulate terrapin interaction. Such interactions can then be interpreted as 
indications of how terrapins discriminate and behave towards their conspecifics, and 
conclusions can be reaches as to why these discrepancies occur.  
 Unfamiliar nonkin exhibited more general aggressive behaviors than other groups. 
Familiar kin were also aggressive, but in different ways: unfamiliar nonkin bit 
significantly more than all the other groups, while familiar kin performed the shaking 
behavior the most. Since unfamiliar nonkin also shook a great deal (the difference 
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between familiar kin and unfamiliar nonkin was not significant), it can be concluded that 
overall, unfamiliar nonkin were more aggressive than the other groups.  
Although contrary to the results of MacDonald (2007), this result is still logical: 
unfamiliar individuals are likely suspicious of each other, and unrelated individuals are 
not concerned about the genes of others and thus have no conflict of interest in keeping 
others from a limited resource. The combination of these two factors may lead to an 
aggressive, selfishly behaving turtle. 
 Aggressive behaviors also increased with the number of terrapins on the site, 
regardless of categorical group. As the site became more crowded due to interest in 
basking, terrapins were forced into interactions and competition intensified, often 
manifesting itself in aggression. Aggression on the basking site is common, as noted in 
other studies. It is necessary in the future to further test the effect of kinship on crowded 
basking site conditions and resulting aggression. 
The differences in performance of threat and display aggressive behaviors 
indicate the potential hazards associated with aggression. Although no significant 
differences existed in the amount of threat behaviors displayed by each group, unfamiliar 
nonkin exhibited direct aggression significantly more than the other groups. This 
indicates that terrapins will perform aggressive threat behaviors regardless of towards 
whom it is directed, but that direct aggression is a more risky behavior and thus only 
employed towards certain individuals. Occurrence of direct aggression increased with the 
mean number of terrapins on the basking site, but did not significantly depend on the size 
differences between the experimental terrapins. It is unlikely that this result accurately 
reflected the situation since weight has been shown to be very important in aggressive 
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behaviors in other turtle species. Presumably, and as the literature confirms, a smaller 
individual would avoid situations where it was forced to compete with a larger individual 
since size is such an important factor in antagonistic encounters.  
 Unfamiliar nonkin bit each other significantly more than all other groups. Biting 
occurred in two ways: on the flesh of a limb or on the carapace, but this study did not 
analyze the difference in occurrences of these two biting behaviors. A bite on the limb 
always resulted in a strong reaction from the bitten terrapin and often resulted in 
displacement from the basking site. Biting upon the carapace was unique in that it 
regularly did not elicit a response from the terrapin being bitten. Physiologically, biting 
on the carapace is not capable of inflicting damage in the same way as a bite on a fleshy 
limb. Biting of a limb is a way to make an individual leave the basking site, whereas 
biting of the carapace may have many functions, and physiological damage does not 
appear to be one of them. This behavior may be used as an assertion of power by 
terrapins when establishing and maintaining dominance hierarchies, if such hierarchies 
are formed. Biting also occurred in the water, but was not scored. The occurrence of 
interactions in the water, however, suggests that terrapins may be interacting in the creeks 
as well as on basking sites in the wild.  
Biting was not significantly correlated with either the mean number of terrapins 
on the basking site or the weight standard deviation of the experimental group; this 
suggests that the biting behavior is extreme. If biting is going to be used at all, it will be 
regardless of the number of terrapins on the basking site or the relative size difference. 
Since individual identity was not a part of this study, it is unknown if aggression was 
biased towards smaller individuals by larger ones or the opposite. A larger individual is 
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less likely to be concerned about the risk inherent to a directly aggressive behavior since 
its chance of victory is higher than the smaller conspecific. As a result, it may be less 
concerned about biting. Biting was very low in all groups except unfamiliar nonkin, 
which is particularly indicative of its extremity and rare usage. The fact that only 
unfamiliar nonkin used biting regularly suggests that biting is primarily used in situations 
where the conspecific is both unfamiliar and unrelated. 
 Familiar kin climbed, shook, and experienced spatial displacements more than all 
other groups. This is likely a partial result of the fact that they were more willing to 
occupy the basking site in large numbers. Familiar kin also climbed when there were not 
four turtles on the site, an indication of their general acceptance of contact. Climbing 
allows all terrapins to be directly under the light, a favorable circumstance for all 
involved. The high occurrence of climbing in familiar kin may result from the fact that 
they recognize each other, are willing to share resources with other related individuals, 
and are less wary of unexpected aggressive behaviors. 
The shaking behavior is closely linked to climbing. Even though it was 
considered an aggressive behavior, it did not result in a significant number of 
displacements (there was no difference found in the amount of aggressive displacements 
between groups). The shaking behavior likely has a more basic reason – since terrapins 
have to bask in order to perform basic metabolic functions, it is not in the best interest of 
a terrapin to have another terrapin on top of it blocking the light source, regardless of if 
the terrapin is willing to share the resource. The fact that these shaking behaviors did not 
result in a significant number of displacements indicates that the shaking behavior was 
more of a temporary display of annoyance at being climbed upon. This is suggested 
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because in familiar kin groups, the bottom turtle still allowed others to climb on it. The 
high occurrence of spatial displacements is a direct result of climbing; sometimes 
terrapins fell off simply because there were too many individuals moving around on the 
site. Spatial displacement was not a result of aggression or of trying to remove another 
terrapin from the basking site.  
 Unfamiliar nonkin also climbed on each other a great deal. This is likely because 
they had no concern for the other terrapins with whom they were basking. The familiar 
nonkin and unfamiliar kin groups, however, climbed much less than the other two groups. 
As the behavior data indicates, they generally left each other alone, suggesting that they 
were influenced by either being unrelated (familiar nonkin did not want to disrupt 
individuals they were familiar with despite having no altruistic inclination) or unfamiliar 
(unfamiliar kin did not want to prevent kin from basking even when they were not 
familiar). This indicates some kind of mixed signaling occurring within these two 
intermediary groups, in which the conflicting factors may have mitigated one another's 
effect on behaviors performed 
Since climbing, shaking, and spatial displacement all significantly increased as 
the number of terrapins on the site increased, it can be concluded that this behavior is 
largely a result of crowded conditions. Terrapins in general do not climb on each other as 
much or engage in large amounts of physical contact unless forced to. The exception was 
in familiar kin groups where climbing occurred in order to allow other familiar and 
related individuals to also bask. Unlike aggressive behaviors, these contact behaviors 
were significantly affected by the weight standard deviation. The slightly negative 
correlation for aggressive behaviors proved inconclusive since it was unable to be 
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determined if terrapins behaved aggressively regardless of size differences, or if they 
resisted aggressive behaviors with higher variance in size. The significant negative 
correlation in these contact behaviors show that as size differences increased, terrapins 
were less likely to climb on each other. Presumably this occurs since terrapins were able 
to fit on the site more easily.  
Information about behaviors related to weight standard deviation from this study 
is inconclusive and leaves many questions to be answered. The smallest or largest 
terrapin in an experimental group may have been prevented altogether from coming onto 
the basking site, as mentioned above. Future studies should note individual size and 
amount of time spent on the basking site by each individual. It is possible that in kin 
groups, smaller terrapins are allowed to bask more and for longer durations than larger 
siblings or that they are given prime location on the basking site. On the other hand, 
regardless of group type, smaller terrapins may be continuously removed or prevented 
from coming onto the site so that basking only occurs in larger individuals. If the latter is 
the case, it is critical to know in which groups this is occurring. Preventing a smaller 
individual from coming onto the basking site may be a selfish act on part of the larger 
terrapins due to the advantages afforded by their size. However, smaller individuals may 
sacrifice themselves in kin groups for the benefit of larger siblings (Hamilton 1964). Size 
differences are likely a crucial component of basking behaviors and their impact sound be 
the focus of future study.  
 Due to this study's focus on interactions occurring on the basking site, behaviors 
in the water were noted but not scored or analyzed. The camera was focused closely on 
the basking site, eliminating from view any terrapins swimming in the other part of the 
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tank. When terrapins were in view of the camera, they were often seen swimming 
together. This indicates that terrapins may interact in meaningful ways in the water as 
well as on basking sites.  
 To my knowledge, there has been no comprehensive examination of behaviors 
performed by turtles while basking. Even if behaviors such as the following ones do not 
contribute to the overall purposes of this study, it bears explanation of their occurrence 
and context for the sole purpose of their documentation.  
 Gaping was not significantly different among groups and did not vary by the 
number of turtles on the site, suggesting that gaping is not a social behavior. There has 
been speculation that gaping is some sort of vocal communication (MacDonald 2006), 
but this has not been confirmed. Gaping, rather, is likely a physiological behavior. Boyer 
(1965) found that turtles gaped when they became uncomfortably warm while basking. 
This may be true in some instances of this study, but terrapins were not forced to remain 
on the basking site and were free to withdraw into the water of their own accord. Instead, 
gaping may be a method for terrapins to let out gas, yawn, or may have some other 
unknown purpose.  
Terrapins gaped at all times: when they were alone on the site, when there were 
other turtles on the site, when they had been on the site for extended amounts of time, and 
when they first arrived at the site. Gaping was also noted to occur in various forms: some 
with a long duration, others very quick; some with the mouth open as widely as possible, 
others with the mouth barely open. All of this indicates that gaping likely has a multitude 
of purposes and that the behavior should be examined more closely. The possibility still 
remains that some form of gaping may be related to social behaviors. For example, when 
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a terrapin is posturing and gapes, it may function as a warning to other individuals to stay 
away. The gaping behavior would be a good focus of a future study to elucidate the 
meaning behind and functions of this behavior.  
 Definitive acts of hissing were very rare in the trials and were therefore not 
possible to analyze in a meaningful way. Since hissing appears very similar to gaping, it 
was difficult to distinguish; however, hissing has been observed in other turtle species 
and is therefore worthy of further consideration.  
 The aggressive stance adopted by turtles was very difficult to determine with any 
consistent certainty. Due to the similarity in stance between posturing and general 
alertness, scoring for posturing was very subjective and inconclusive. Posturing, like 
gaping, has potential as a focus of future study. An aggressive stance adopted by a 
terrapin may also have implications for the formation of dominance hierarchies in 
terrapins.  
 Passive displacement was only seen in a few rare instances, which may be due to 
the subjective nature of assessing passivity, as it often requires an assumption of why a 
terrapin leaves the basking site. Although it was scored in the few instances in which it 
was noted with certainty (i.e. a result of hissing or lunging without physical contact), 
passive displacement was not analyzed separately and only included in total forced 
displacement analysis. Passive displacement is likely to occur, however, due to the fact 
that either posturing or gaping may be a display of dominance. Therefore, these behaviors 
may intimidate another individual and cause them to leave the basking site passively but 
not completely voluntarily.  
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 All terrapin groups performed the blocking behavior. This typically occurred 
when one individual was trying to climb onto the basking site at a location already 
occupied by another terrapin. The terrapin on the site would then tilt his body to prevent 
the other terrapin from climbing on and/or pulling the terrapin off the site in its effort to 
climb onto the site. Blocking is likely a preventative measure for defending an 
individual's location on the site, a reason for which it was included as a threat behavior. A 
terrapin occupying the site, regardless of size, has an advantage over another trying to 
gain the site. By blocking, a terrapin may retain his spot on the basking site without being 
directly aggressive and risking immediate harm or displacement.  
Although unscored, it was also noted that terrapins occasionally remained in the 
shallow water next to the flat area of the basking site. In such a position, they were 
exposed to large amounts of light, even if partially submerged. Physiologically, this 
position would still allow the terrapin to facilitate basic metabolic functions without 
having to fight for a spot on the basking site. These types of compromises made by 
terrapins are interesting because they suggest an avoidance of confrontational situations. 
Implications and Conclusions 
 While Bury (1973) found that basking behavior was similar in both wild and 
captive turtles, Seigel (1980) found that sometimes aggression displayed in captivity may 
not necessarily be reflected in wild behaviors. The large number of studies finding that 
aggression is common on basking sites indicates that incidences of aggression not 
reflected in the wild may be related to a lower prominence of cramped conditions in the 
wild. However, this is not an indication that the behaviors seen in this study were 
fabricated under cramped conditions. These behaviors may not occur with the frequency 
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per hour because conditions in the wild are not as cramped, but across a wide timescale 
and more space, it is logical to assume that these behaviors manifest themselves naturally 
on wild basking sites.  
 This study confirms that variability exists in the way terrapins from different 
kinship and familiarity groups behave towards each other. This is indicative of sociality 
in terrapin species. As other turtle species have shown evidence of social behavior, it is 
not unlikely that terrapins form social groups or behave discriminately towards certain 
individuals.  
 Aggressive behaviors, including direct aggression and biting, and climbing, 
shaking, and spatial displacement decreased significantly over time. This suggests that 
terrapins may have established hierarchies and, as a result, confrontations were reduced. 
As such, these behaviors peaked at the beginning of the study as terrapins competed for 
dominance. Competition was also likely to be high at the beginning of the study because 
terrapins were approximately the same size, with no single terrapin possessing a 
definitive advantage over another. However, as individual size began to vary, and as 
terrapins became more familiar with each other, certain individuals may have established 
dominance. As terrapin size differences became more explicit, larger terrapins were more 
likely to “win” antagonistic encounters. Lindeman (1999) found that larger turtles often 
resisted displacement on the basking site and also caused more displacements of smaller 
turtles. Larger individuals, in theory, consistently "won" the basking site until a set 
pattern of rank was created. Study of aggressive interactions during basking has found 
that larger, aggression-initiating turtles won antagonistic encounters 61% of the time 
(Lindeman 1999). This indicates that smaller turtles may assess and avoid larger turtles. 
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 Once dominance is established, aggressive behaviors decrease since they are no 
longer necessary. The observed decrease in contact behaviors over time may also be 
related to the formation of hierarchies, since once an arrangement of turtles has been 
established on the basking site, no additional reorganization or displays of annoyance 
needs to occur. Dominance may occur in two ways, depending on the groupings: being 
on top of a stack and thus possessing the most advantageous spot on the basking site, or 
being alone on the site. In the case of groupings, the dominant terrapin would occupy the 
most well-lit spot on the site, with subordinate terrapins occupying less premium 
positions.  
Other turtle species are known to form hierarchies, although it is generally found 
only in adult males. The gender of terrapins in this study is unknown, although it may be 
hypothesized based on size variance data. Consequently, speculation regarding sex-
biased performance of behaviors is not possible with great confidence. Furthermore, 
other studies have focused on reproductively viable adults and not on juveniles. 
Dominant male wood turtles (Kaufmann 1992) and desert tortoises (Niblick, Rostal et al. 
1994) have been shown to copulate more, making it beneficial for males to form these 
social hierarchies. Since this study's terrapins are not sexually mature, behaviors 
examined were unlikely to be driven by sexual motives, even if hierarchies may be 
established at young ages. Hierarchies formed within juvenile groups may be beneficial 
even at a young age – a dominant individual gets more basking time, has practice fighting 
off subordinates, and may be an indicator of future status. Additionally, if increased 
basking speeds growth and if increased growth hastens sexual maturation, this would be 
yet another advantage for the early formation of hierarchical structures. 
48
Hierarchical group structure, if not gender-based (this study was inconclusive in 
this regard), may only occur in specific groupings. This study indicates that groups of 
unfamiliar nonkin, in particular, were unstable. Trials were characterized by large 
amounts of aggression, movement, and interactions. This indicates that individuals were 
not able to form temporary basking group structures within the time allotted for the trials. 
Familiar nonkin and unfamiliar kin displayed little interest in each other, as is obvious 
from the lowered performances of social behaviors. Familiarity in nonkin groups did not 
appear to offer additional stabilization to the group. Therefore, it can be concluded that 
familiar kin were the only group to form a stable social group or basking aggregation. 
Large amounts of contact inevitably led to climbing, shaking, and spatial displacements, 
but these behaviors were not analogous to the high levels of aggression witnessed in the 
unfamiliar nonkin (with comparable levels of climbing, shaking and spatial 
displacement). Many kin groups in reptiles have been shown to be stable, so it is not 
improbable that familiar kin also show this stability.   
Terrapins in all groups in this study were forced, merely due to their size relative 
to the basking site, to interact in some ways if they wanted to bask. Many terrapins were 
used in the same unfamiliar groups (although never in consecutive weeks), but this may 
have influenced their behaviors, especially if terrapins have memory of past encounters. 
Based upon comparison to familiar nonkin groups, this had no discernible effect on 
behaviors. Desert tortoises were shown to form hierarchies based on size, past 
encounters, and home range (Niblick, Rostal et al. 1994). It is unknown if terrapins are 
territorial, but the high level of fidelity to creek site indicates that terrapins will grow 
familiar with the other individuals in their creek and that this may influence their social 
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organization. The memory of past encounters with an aggressive or dominant individual 
may influence other terrapins to avoid aggressive interactions.  
 The similarities in behaviors displayed by familiar kin and unfamiliar nonkin at 
first appears counterintuitive, especially given the fact that MacDonald (2007) found 
significant differences between these two groups in a preliminary study. With the 
addition of two groups (namely unfamiliar kin and familiar nonkin) and a more 
comprehensive and thorough look at the nuances of these behaviors, this may be 
explained. First, terrapins studied by MacDonald did not grow as quickly or as large as 
terrapins this year and did not thrive to the same extent. This suggests that the terrapins 
may have experienced additional stresses and differential treatment in the first three 
months of their lives before their arrival at Boston College. Consequently, they may not 
have been as healthy as the terrapins raised this year in the laboratory (MacDonald 2006). 
Furthermore, it is common for there to be more successful clutches of eggs some years 
and this year's group may be healthier than last year's study animals. 
Although no test of either familiarity or kinship alone revealed any significant 
differences in behaviors, the fact that both familiar kin and unfamiliar nonkin stood out as 
significantly different from unfamiliar kin or familiar nonkin indicates that these factors 
are important. It is likely a combination of both factors that results in the behavioral 
patterns observed. Most often, either familiar kin or unfamiliar nonkin, but not both, 
would be significantly different from all the other groups. Even though the two were 
rarely significantly different from each other, this does indicate that both familiarity and 
relatedness play a role in behavioral discrepancies found and the amount of which each 
behavior was performed. The lack of a significant difference between the two extremes is 
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probably largely coincidental – while familiar kin have both familiarity and relatedness 
dictating their behavior, unfamiliar nonkin have neither factor and thus behave 
completely nondiscriminantly. These two (complete discrimination and complete lack of 
discrimination) seem to result in the same heightened level of activity. The fact that 
unfamiliar kin and familiar nonkin also behave very similarly also indicates that it is a 
combination of familiarity and relatedness that are dictating these behaviors. Their 
behaviors seem to lie at some intermediate level where they are not biologically 
compelled to exhibit one extreme behavior over another.  
 The patterns found in behaviors suggest that terrapins are able to recognize 
differences in general traits of other conspecifics. Given this ability, it is a legitimate 
possibility that terrapins are able to also recognize individuals. Individual recognition, 
coupled with the concept of self within a group, makes the formation of hierarchies 
possible. These terrapins were raised in their familiar groups from birth, which eliminated 
the chance of a lost critical period in which terrapins might imprint upon related and 
familiar individuals. In zebrafish, this learning of related individuals is confined to a 
specific window in development (Gerlach and Lysiak 2006). It is unknown if such a 
critical period exists in terrapins. Furthermore, the method of recognition in terrapins, if it 
occurs, is unknown. Individual terrapins show a great deal of phenotypic variation, but 
terrapins from the same nest generally appear similar. However, in the same subspecies 
and population, variation in color (lighter, darker, greener, browner, greyer) and markings 
(distinction of, density) exist. Therefore, terrapins may be able to visually recognize each 
other. However, recognition may also be based upon scent. Terrapins were observed to 
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touch their nose to the shell of another terrapin – a behavior that looks like smelling. This 
behavior may be a way for terrapins to recognize each other.  
 The combination of the fact that terrapin mark-recapture studies have found the 
same terrapins in the same creeks consistently over 16 years (Gibbons 2001) and that 
terrapins may exhibit nesting site fidelity and release point imprinting (i.e. where they 
enter the marsh) suggests that since dispersal is limited (Hauswaldt and Glenn 2005), 
terrapins may, by default, live in creeks with mostly related individuals. It is likely that 
terrapins would become familiar with others living in the same creeks by association and, 
since they came from the same nesting clusters, that they would be related.  
 As stated, related terrapins may live together in the same creeks as a result of low 
dispersal and high site fidelity. The learning of kin identity based upon the creek in which 
one lives may allow for inbreeding avoidance in the future. Females are known to 
congregate in groups while nesting and this behavior may function as a means to combine 
many groups and families so that females may become exposed to unfamiliar, and thus 
unrelated, males. The ability to discriminate between familiar (and thus kin) and 
unfamiliar (and thus nonkin) based upon learned identity within creeks may allow a 
female to choose an unrelated male as a mating partner. 
 Choice tests in captive terrapins in subsequent years will potentially reveal a 
deeper understanding of these results. It can be concluded that familiar kin groupings 
behave differently from the other groups and that this is attributable to both familiarity 
and relatedness. It is also beneficial for terrapins to socialize with familiar kin. When 
terrapins emerge from their nests in the wild, they do so at different times; they are not 
forced into tanks with other related (or unrelated) individuals as they were in this study. If 
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terrapins are raised in the laboratory in the same tank with kin, do they still prefer kin? Or 
do they choose nonkin? Do terrapins raised with nonkin still prefer kin?  
 Conservation efforts of Northern Diamondback terrapins in general, should also 
focus on the adult population. As Heppell (1996) shows, the stabilization of long-lived, 
late maturing species such as turtles relies heavily on the reproductive vitality of the adult 
population. Crab pots (a major contributor to adult terrapin mortality in other 
populations) should be eliminated from terrapin habitats to allow the adult populations to 
recover. Furthermore, during the nesting season, roads within and parallel to terrapin 
nesting areas should be closed to reduce the high level of traffic-related mortality (Wood 
and Herlands 1997). The impact of headstarting recovery programs cannot be properly 
evaluated without research on the behavior and comparison of both captive-reared and 
wild terrapins. Turtle population dynamics are dependent on high juvenile and adult 
survival rates (Heppell, Crowder et al. 1996). Therefore, mortality at all life stages must 
be evaluated.  
 The question of where terrapins spend the first few years of their lives is also 
critical to conservation efforts. Terrapin hatchlings and juveniles may spend their first 
winters on land, rather than underwater, as adults do (Ultsch 2006). This study has 
indicated that terrapin juveniles have the ability to form social groups; this could be 
particularly important during the first few years of a terrapin’s life. When a terrapin first 
hatches, most of its energy is focused on the process of ossifying his shell. The shell is a 
turtle's most important defense against predation, and at the size of a mere quarter and 
without a hard shell, a hatchling is vulnerable prey for a variety of animals. If young 
terrapins group together for the first years of their lives, their chance of predation is 
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lowered by the “safety in numbers" factor. If these groups are composed of related 
individuals, as this study suggests, growth may be accelerated since familiar kin groups 
were more willing to share resources. The faster a terrapin grows, the sooner shell 
calcification occurs, sexual maturation is reached, and reproductive viability is acquired. 
It is absolutely critical, therefore, to determine where and how terrapins are spending the 
first few years of their lives. This study has shown that terrapin growth is dramatically 
increased when constant food and sunlight is available. Although these resources are 
limited in the wild, the willingness of groups of familiar kin to share resources may allow 
greater numbers of terrapins to reach adulthood than other groups. It is, therefore, 
beneficial for terrapins to form groups based on kinship.  
 Understanding the proximal and temporal components of how terrapins form 
social groups may provide powerful insight for conservation management. The findings 
could inform and improve the population boosting strategies in Diamondback terrapin 
headstarting program.  This program seeks to speed their physical maturation without 
compromising their behavioral ontogeny.  It is, therefore, especially important that they 
be able to develop any potential social tools that might prove critical in their ability to 
form and/or enter social groups in the wild, and eventually reproduce. Grouping 
headstarted terrapins with kin, so that they can learn identity, is likely important for the 
ability of terrapins to interact properly in their natural habitat. The knowledge of related 
individuals is important for terrapin choices related to group composition, basking 
behavior, resource sharing, and ultimately inbreeding avoidance.  
 
54
Next Steps 
Future studies should undertake the task of understanding the context and significance of 
hierarchical related behaviors, including but not limited to gaping, posturing, and 
underwater behaviors. A thorough study of wild terrapin behaviors and how these 
compare to those seen in the laboratory is also necessary. Kin preference choice tests and 
the correlation of size to terrapin behavior should also be conducted to elucidate the 
manner in which terrapin sociality is manifested. 
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Sandy Neck Beach
Great Salt Marsh
Picture 1: location of studied terrapin population. Terrapins live in the marsh and lay nests on 
Sandy Neck Beach and at Meadowlane. 
Meadowlane
Picture 2: Looking out over the salt marsh were this terrapin population lived. 
Terrapins nest in the dunes on Sandy Neck seen in the foreground
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Picture 3: identification 
notchings on terrapin. 
Left side notch shows 
what familiar group. 
Right side notch shows 
which individual within 
that tank. Note how 
subtle the notches are.
Terrapin 3 in Familiar Tank 3Familiar Tank 3
Picture 4: collecting eggs from nests for headstarting
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Picture 5: Hatchlings emerged in divided compartments to isolate them from family 
members until experimental groups were established
Picture 6: hatchling headstarting tank with seven partitions, false bottom, dividers 
allowing visual contact (between familiar groups) and blocking visual contact (between 
other terrapins)
False bottom
See-through dividers
Solid dividers not allowing sight 
of other terrapins
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Figure 7a: headstarting tank with four dividers. Constituted a familiar 
experimental group
Picture 7b: overhead view of headstarting tank
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Picture 8: terrapin basking in standard headstarting tank
Picture 9: terrapin feeding. Diet consisted of nutritional pellets seen here. 
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Picture 10a: measuring 
terrapin weight
Picture 10b: measuring terrapin plastron length
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Picture 11: experimental group arrangements
SN2
SNsib
ML1
ML2
SN2
SN2
SN2
SN2
SNsib
SNsib
SNsib
SNsib
ML1
ML1
ML1
ML1
ML2
ML2
ML2
ML2
Familiar Kin Familiar Nonkin
Unfamiliar Kin
Unfamiliar Nonkin
Picture 12: experimental 
tank and set up. Video 
camera was used to film 
trials to keep human 
contact to a limit. 
Basking site
Recording equipment
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Picture 13: experimental 
tank basking site. Note its 
small size and the intense 
lighting
Picture 14: diagram of terrapin qualified as “on the basking site” during scoring
Most of shell out of water 
On ramp
On flat part
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Figure 1: graph of weights of individual terrapins over time
Figure 2: graph of mean weight by family over time
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Figure 3: graph of mean terrapin plastron length by family
Figure 4: graph of aggregation of four terrapins on site by group
*
*
@
@
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^
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Figure 5: graph of aggregations of terrapins on the basking site by kinship
*
Figure 6: linear regression of average number of terrapin on the basking 
site by week. Dots show individual trials. 
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Figure 7: linear regression of average number of terrapins on the basking site as 
a result of mean weight for experimental groups. Dots represent each trial
Figure 8: linear regression of average number of terrapins on the 
basking site basked based upon standard deviation of weight in 
experimental groups. Dots represent standard deviation of each trial.
74
Figure 9: occurrence of aggressive behaviors by group
*
*
@
@
Figure 10: linear regression of occurrence of aggressive behaviors 
based on average number of terrapins on the basking site. Dots 
represent each trial
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Figure 11: linear regression of occurrences of aggressive behaviors by 
experimental week. Dots represent each trial
Figure 12: Graph of mean occurrences of direct aggressive behaviors 
per trials by experimental group
@
@
*
*
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Figure 13: linear regression of direct aggressive behaviors based on the 
average number of terrapins on the basking site. Dots show each trial
Figure 14: linear regression of occurrence of direct aggression by 
experimental week. Dots represent trials.
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Figure 15: graph of mean occurrences of climbing per trial based on 
experimental groups
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Figure 16: graph of mean occurrences of spatial displacements per trial 
based on experimental groups
*
*
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Figure 17: graph of mean occurrences of shaking per trial by experimental group
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Figure 18: linear regression of climbing by average terrapin on 
the basking site. Dots show each trial.
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Figure 19: linear regression of spatial displacement by average 
terrapin on the basking site. Dots show each trial.
Figure 20: linear regression of shaking behavior by average terrapin on the 
basking site. Dots show each trial.
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Figure 21: linear regression of climbing frequency by 
experimental week. Dots indicate each trial.
Figure 22: linear regression of shaking behavior frequency by 
experimental week. Dots indicate each trial.
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Figure 23: linear regression of spatial displacement frequency 
by experimental week. Dots indicate each trial.
Figure 24: linear regression of climbing by weight standard 
deviation of experimental terrapins. Dots represent each trial.
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Figure 25: linear regression of shaking frequency by weight standard 
deviation of experimental terrapins. Dots represent each trial.
Figure 26: linear regression of spatial displacement 
occurrences by weight standard deviation of experimental 
terrapins. Dots represent each trial.
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Figure 27: mean occurrences of biting per trial by experimental groups
*
*
Figure 28: linear regression of biting by experimental week. Dots show 
individual trials.
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Figure 29: graph of gaping frequencies per trial by experimental groups
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date 3-Oct-06 19-Oct-06 26-Oct-06 2-Nov-06 7-Nov-06
terrapin group weight(g) plastron(mm) weight(g) plastron(mm) weight(g) plastron(mm) weight(g) plastron(mm) weight(g) plastron(mm)
sn2-1 kin 6.35 25.1 7.541 26.55 7.545 26.6 7.96 27.1 8.828 29.05
sn2-2 kin 6.71 26.3 8.178 27.75 8.415 28.5 9.661 29.65 10.532 31.5
sn2-3 kin 6.39 25.1 8.121 27 7.964 26.75 7.807 26.95 7.5 26.6
sn2-4 kin 6.49 25.15 8.083 27.4 8.017 27.8 8.296 28.3 9.741 29.65
average 6.485 25.413 7.981 27.175 7.985 27.413 8.431 28.000 9.150 29.200
standard deviation 0.161 0.592 0.296 0.517 0.356 0.900 0.845 1.255 1.302 2.023
ml1-1 kin 4.3 21.8 5.192 22.9 4.986 22.45 4.962 22.7
ml1-2 kin 3.25 21.1 4.199 22.15 4.075 22.05 4.218 22.3
ml1-3 kin 3.48 20.65 4.305 21.95 4.191 21.9 4.074 21.35 4.102 21.6
ml1-4 kin 3.28 20.25 4.518 21.55 4.418 21.6 4.221 21.1 4.247 21.2
average 3.578 20.950 4.554 22.138 4.418 22.000 4.369 21.863 n/a n/a
standard deviation 0.492 0.665 0.446 0.566 0.405 0.354 0.401 0.761 n/a n/a
ml2-1 kin 4.37 22.5 5.687 24.3 6.11 24.5 7.375 25.65 7.478 24.3
ml2-2 kin 3.85 21.85 5.059 23.4 5.484 23.75 6.579 24.95 7.296 26.6
ml2-3 kin 3.93 23.2 5.416 24.95 5.785 25.3 6.852 26.25 7.492 26.6
ml2-4 kin 4.17 22.7 5.28 24.4 6.936 24.9 7.228 26.3 8.638 27.4
average 4.080 22.563 5.361 24.263 6.079 24.613 7.009 25.788 7.726 26.225
standard deviation 0.236 0.559 0.263 0.642 0.626 0.661 0.361 0.632 0.615 1.338
snsib-1 kin 5.49 24.3 6.624 24 6.205 24.8 6.983 25.25 7.616 26
snsib-2 kin 5.74 24.9 6.753 25.65 7.703 26 8.934 27
snsib-4 kin 6.1 24.8 6.693 25.4 7.619 26.1 8.652 26.45 9.782 27
snsib-6 kin 6 24.5 6.857 25.3 7.225 25.75 7.947 26.5 8.999 26.9
average 5.833 24.625 6.732 25.088 7.188 25.663 8.129 26.300 n/a n/a
standard deviation 0.274 0.275 0.099 0.740 0.688 0.594 0.869 0.743 n/a n/a
sn2-5 non-kin 6.37 25.85 7.684 27.45 7.491 27.7 7.961 28.5 8.298 29.7
ml1-5 non-kin 3.49 21.85 4.362 23 4.386 23.05 4.479 23.35 4.365 23.1
ml2-5 non-kin 4.53 24 5.719 25.45 6.1 26 7.622 27.2 9.338 27
snsib-7 non-kin 7.01 25.6 7.204 26 7.514 26.3 9.002 27.45 10.349 28
average 5.350 24.325 6.242 25.475 6.373 25.763 7.266 26.625 8.088 26.950
standard deviation 1.626 1.842 1.507 1.853 1.480 1.954 1.949 2.255 2.619 2.798
sn2-6 non-kin 6.61 26.3 8.035 27.45 7.887 27.7 8.026 28.1 9.228 28.8
ml1-6 non-kin 3.62 22.1 4.295 23.4 4.623 23.4 4.628 23.2 4.366 22.6
ml2-6 non-kin 3.92 23.05 4.535 24.2 5.444 25.3 6.911 26.7 8.188 27.2
snsib-8 non-kin 6.54 25.7 7.341 25.6 8.393 27.45 10.485 29 12.7 30.9
average 5.173 24.288 6.052 25.163 6.587 25.963 7.513 26.750 8.621 27.375
standard deviation 1.624 2.030 1.913 1.775 1.836 2.020 2.435 2.549 3.430 3.526
sn2-7 non-kin 6.81 26 8.125 27.45 8.875 28.35 10.817 29.05
ml1-7 non-kin 3.96 21.6 5.248 24.5 5.099 23.6 5.013 23.75 5.316 23
ml2-7 non-kin 4.16 21.95 6.153 25.95 6.516 26.1 7.962 27.3
snsib-9 non-kin 6.34 25.65 7.251 26.9 7.282 26.8 8.369 27.45
average 5.318 23.800 6.694 26.200 6.943 26.213 8.040 26.888 n/a n/a
standard deviation 1.467 2.347 1.257 1.292 1.574 1.979 2.380 2.237 n/a n/a
sn2-8 non-kin 6.25 25.9 7.679 26.2 8.165 26.9 9.515 28.55 11.2 30
ml2-8 non-kin 3.06 21.15 4.089 22.05 4.527 22.75 5.218 23.55
snsib-10 non-kin 6.79 25.75 6.436 26.35 6.846 26.15 6.935 26.35 7.596 27
unknown 1 non-kin 4.711 22 4.639 22.15 5.286 22.95 6.237 23.6
average n/a n/a 5.729 24.150 6.044 24.488 6.739 25.350 n/a n/a
standard deviation n/a n/a 1.636 2.455 1.772 2.385 2.014 2.597 n/a n/a
Table 1: individual headstarted terrapin growth by familiar groups - weight and plastron lengths,  means and standard deviations. From October 2006 to March 2007
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16-Nov-06 23-Nov-06 28-Nov-06 7-Dec-06 14-Dec-06 28-Dec-06
weight(g) plastron(mm) weight(g) plastron(mm) weight(g) plastron(mm) weight(g) plastron(mm) weight (g) plastron (mm) weight (g) plastron (mm)
11.2 30.55 14.391 33.75 16.932 35.5 21.418 40.05 27.672 43.5 39.022 48.6
12.263 32.3 15.485 34.9 17.972 31.05 23.74 40.8 29.999 44 39.983 49.7
8.205 27.15 8.596 27.75 9.537 28.05 11.661 29.4 14.511 32.2 19.307 36.15
13.037 32.45 16.404 35.95 18.73 38.75 25.456 42.15 31.761 46 42.976 50.05
11.176 30.613 13.719 33.088 15.793 33.338 20.569 38.100 25.986 41.425 35.322 46.125
2.119 2.464 3.513 3.670 4.235 4.732 6.165 5.865 7.831 6.244 10.809 6.679
6.465 24.4 7.498 24.4 8.595 25.3 11.505 29.2 14.399 32.2 19.551 36.9
5.505 23.15 6.907 24.1 8.365 25.1 11.61 29.6 15.542 33.3 22.695 39.3
4.348 22.2 4.525 22.6 5.128 22.95 6.406 23.35 7.822 25.5 10.12 28.85
4.686 21.6 4.771 22 5.39 21.95 6.692 28.6 8.134 24.6 11.319 28.9
5.251 22.838 5.925 23.275 6.870 23.825 9.053 27.688 11.474 28.900 15.921 33.488
0.944 1.222 1.498 1.159 1.865 1.641 2.894 2.921 4.066 4.483 6.162 5.415
11.772 31.3 15.592 34.75 22.281 40.1 27.679 43.1 37.158 47.95
10.079 29.05 13.118 32.35 19.75 38.4 23.832 41.6 32.2 46.35
10.595 29.5 13.834 32.6 20.535 38.9 25.344 41.8 33.092 46.3
11.339 31.2 14.819 34.45 21.906 39.8 26.536 42.7 33.154 47
10.946 30.263 14.341 33.538 n/a n/a 21.118 39.300 25.848 42.300 33.901 46.900
0.755 1.156 1.087 1.237 n/a n/a 1.181 0.787 1.648 0.716 2.215 0.769
8.869 26.95 11.41 28.1 13.461 28.05 18.287 35 23.209 39 29.584 43.5
14.207 30.3 18.027 33.8 20.24 37.05 26.431 40.7 33.194 43.95 43.996 49.05
12.765 29.1 15.297 32.2 17.243 34.05 22.009 37.5 27.199 46.9 35.785 46.4
10.993 28 13.077 30.25 14.868 33.05 17.998 35.5 22.646 36 29.332 43.8
11.709 28.588 14.453 31.088 16.453 33.050 21.181 37.175 26.562 41.463 34.674 45.688
2.305 1.440 2.866 2.465 2.968 3.742 3.948 2.586 4.864 4.887 6.894 2.592
9.125 29.95 11.35 31.85 12.754 32.9 16.772 36.85 21.553 40.65 28.563 45.1
4.799 23.45 5.818 24.3 6.721 24.2 8.448 26.7 10.976 30.05 15.699 34.55
12.479 32.35 16.083 35.1 18.071 37.9 23.62 41.8 29.832 45.8 39.339 50.95
14.986 31.75 18.632 35.9 20.587 37.8 26.02 41.9 33.138 45.3 43.532 50.25
10.347 29.375 12.971 31.788 14.533 33.200 18.715 36.813 23.875 40.450 31.783 45.213
4.410 4.080 5.643 5.290 6.147 6.438 7.887 7.142 9.884 7.311 12.439 7.572
12.484 32.35 17.056 36.1 19.63 38.3 25.958 43.05 33.67 46.9 44.793 52.3
5.193 23.8 4.877 24 4.981 24.15 5.898 19.95 7.392 25.65 10.807 28.85
11.186 30.95 13.873 34.65 15.564 36.9 19.481 40.25 24.272 43.7 32.021 47.9
15.27 33.8 19.05 36.4 21.43 38.55 26.82 42.3 33.125 45.9 43.329 50.95
11.033 30.225 13.714 32.788 15.401 34.475 19.539 36.388 24.615 40.538 32.738 45.000
4.250 4.439 6.265 5.908 7.367 6.922 9.666 11.022 12.263 10.015 15.695 10.923
18.078 36.1 23.519 39.7 25.066 41.3 31.998 44.95 39.299 48.2 50.827 53.15
5.737 24.65 6.588 25.5 7.263 25.5 9.403 27.3 11.771 30.35 15.654 34.6
12.9098 32.15 16.001 35.55 18.348 37.65 23.391 41.55 29.701 44.8 39.188 49.65
14.428 32.35 18.726 36.95 21.651 39.1 27.77 44 35.365 47.75 45.361 53.1
12.788 31.313 16.209 34.425 18.082 35.888 23.141 39.450 29.034 42.775 37.758 47.625
5.177 4.799 7.127 6.195 7.717 7.086 9.809 8.226 12.164 8.419 15.484 8.837
14.547 34 17.828 36.65 26.29 42.4 32.824 46.35 45.909 50.95
7.527 26.3 9.099 28.3 13.139 33.1 16.985 36.2 22.75 39.95
8.667 27.95 9.649 28.1 13.645 31.2 16.905 34.75 22.969 39.5
8.767 26.3 11.079 28.65 17.725 34.5 32.324 38.3 32.919 45.05
9.877 28.638 11.914 30.425 n/a n/a 17.700 35.300 24.760 38.900 31.137 43.863
3.164 3.659 4.030 4.156 n/a n/a 6.084 4.923 9.026 5.176 10.931 5.354
87
11-Jan-07 18-Jan-07 25-Jan-07 3-Feb-07 8-Feb-07 15-Feb-07
weight (g) plastron (mm) weight (g) plastron (mm) weight (g) plastron (mm) weight (g) plastron (mm) weight (g) plastron (mm) weight (g) plastron (mm)
43.89 51.55 49.981 53.75 58.519 56.35 70.309 60.75 80.153 62.25 90.971 66.45
45.435 52 51.433 53.7 59.412 56.2 73.297 60.35 81.905 63.2 91.896 66.4
22.505 38.3 26.252 40.5 29.173 42.85 36.184 46.5 42.464 48.8 50.639 53.3
49.077 53.35 57.193 55.25 64.377 57.55 75.623 61.15 85.723 63.45 93.227 66.15
40.227 48.800 46.215 50.800 52.870 53.238 63.853 57.188 72.561 59.425 81.683 63.075
12.013 7.042 13.668 6.904 16.007 6.951 18.574 7.132 20.199 7.102 20.717 6.518
23.662 39.05 28.887 41.35 35.029 44.45 42.965 48.55 47.15 50.35 55.873 53.65
27.192 42 35.345 45 44.953 49.45 57.37 55 65.023 57.45 77.845 61.35
12.128 29.9 15.735 33.55 19.435 37.35 26.019 41.95 30.571 44.15 36.851 48.95
13.58 31.35 16.837 33.7 20.664 36.95 26.629 40.6 30.755 42.25 36.787 45.55
19.141 35.575 24.201 38.400 30.020 42.050 38.246 46.525 43.375 48.550 51.839 52.375
7.424 5.871 9.523 5.712 12.216 6.017 14.972 6.632 16.392 6.868 19.526 6.843
43.075 50.9 49.401 53.1 57.288 56.1 67.9 59.4 64.504 60.65 81.016 63.8
38.58 49.1 45.522 51.7 54.173 55.1 66.398 58.85 74.533 61.1 84.813 64.7
37.587 48.65 43.247 50.6 49.682 53.4 59.955 57 65.346 58.75 75.367 62.2
37.044 49.05 43.189 50.9 49.293 53.6 60.448 57.8 67.081 59.4 74.928 61.95
39.072 49.425 45.340 51.575 52.609 54.550 63.675 58.263 67.866 59.975 79.031 63.163
2.744 1.004 2.917 1.118 3.825 1.282 4.063 1.072 4.572 1.088 4.748 1.312
35.979 46.7 44.393 49.45 52.143 53.05 64.11 57.45 69.15 59.35 78.095 61.95
51.249 52.7 60.843 55.45 73.234 59.3 85.396 63.5 94.136 65.05 104.678 68.1
42.212 49.05 49.968 51.7 61.385 55.7 73.769 59.85 80.189 61.5 87.591 64.4
34.553 41.4 42.388 48.65 49.754 52 62.596 56.75 68.404 58.6 74.105 61
40.998 47.463 49.398 51.313 59.129 55.013 71.468 59.388 77.970 61.125 86.117 63.863
7.600 4.736 8.277 3.046 10.657 3.255 10.522 3.046 12.049 2.891 13.605 3.167
33.73 47.9 39.953 50.25 48.297 54.35 60.617 61 68.682 61.5 78.459 65.15
20.004 38.2 25.462 41.05 31.458 45 42.417 50.35 47.522 53 56.458 55.6
47.457 54 54.268 56.6 64.792 60.3 79.025 64.8 86.264 66.25 95.654 70.15
51.204 54 59.898 56.4 69.955 59.9 82.269 63.4 85.408 64.85 89.77 66.8
38.099 48.525 44.895 51.075 53.626 54.888 66.082 59.888 71.969 61.400 80.085 64.425
14.211 7.460 15.438 7.304 17.427 7.129 18.434 6.549 18.197 5.944 17.292 6.240
51.776 54 60.691 57.85 70.516 61.1 84.5 64.9 92.331 66.45 101.236 69.35
13.569 31.8 17.091 34.2 21.421 38.2 27.686 42.7 31.783 44.7 37.471 48.05
35.075 50.3 40.053 59.95 45.785 54.4 54.19 57.9 59.716 58.95 67.424 61.7
51.536 54.75 58.704 56.85 64.566 59.05 71.529 61.05 72.242 61.2 80.263 63.3
37.989 47.713 44.135 52.213 50.572 53.188 59.476 56.638 64.018 57.825 71.599 60.600
18.059 10.785 20.285 12.078 22.108 10.377 24.563 9.723 25.343 9.297 26.681 8.992
55.309 55 62.138 56.55 68.746 58.55 79.049 61.4 87.71 62.7 95.448 65
18.833 37.3 23.261 39.95 27.736 43.2 35.258 47.2 39.004 48.85 43.978 52
42.478 51.8 51.433 54.5 58.709 56.95 70.543 60.45 77.012 62.65 85.689 65.65
51.911 55.9 61.854 59 70.862 62.1 80.767 65 84.72 66.7 92.009 68.55
42.133 50.000 49.672 52.500 56.513 55.200 66.404 58.513 72.112 60.225 79.281 62.800
16.454 8.648 18.298 8.567 19.904 8.284 21.240 7.792 22.527 7.817 23.880 7.364
53.24 54.25 60.799 56.45 69.205 59.4 81.681 63.6 92.271 65.65 104.876 68.75
28.138 42.7 33.674 45.4 38.55 49.95 49.224 53.15 55.181 55.8 63.201 59.1
27.178 43 34.478 45.7 42.056 49.95 53.361 54.95 60.391 57.6 69.536 61
40.263 48.65 50.137 52.75 57.635 55.25 69.912 59.4 79.074 61.4 87.852 64.4
37.205 47.150 44.772 50.075 51.862 53.638 63.545 57.775 71.729 60.113 81.366 63.313
12.237 5.468 13.099 5.440 14.230 4.583 15.036 4.688 17.111 4.368 18.839 4.236
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22-Feb-07 1-Mar-07 15-Mar-07 22-Mar-07 29-Mar-07
weight (g) plastron (mm) weight (g) plastron (mm) weight (g) plastron (mm) weight (g) plastron (mm) weight (g) plastron (mm)
101.404 69.25 111.148 70.45 128.924 72.7 132.709 73.9 138.971 74.55
106.032 69.4 119.932 70.85 136.799 74.65 146.181 75.45 153.283 77.1
60.844 57.45 72.222 60.8 88.534 60.05 99.736 66.95 109.019 68.95
106.495 69 117.732 71.6 134.922 74.5 146.215 76.3 156.274 77.4
93.694 66.275 105.259 68.425 122.295 70.475 131.210 73.150 139.387 74.500
22.020 5.886 22.338 5.106 22.756 7.006 21.925 4.251 21.608 3.915
62.689 56.5 71.763 58.55 82.49 61.8 89.575 62.95 97.042 65
88.409 64.4 100.962 67.1 120.571 70.45 127.61 72.1 139.226 74.25
44.023 51.15 50.378 53.95 59.766 57.7 66.143 59.1 73.851 61.65
41.683 48.3 48.378 49.85 58.515 53.9 65.588 55.3 73.057 57.6
59.201 55.088 67.870 57.363 80.336 60.963 87.229 62.363 95.794 64.625
21.622 7.078 24.469 7.401 28.999 7.100 29.150 7.204 31.018 7.094
92.951 66.25 102.812 68.15 117.813 71.8 122.797 72.8 129.076 74.2
96.33 67.95 108.209 79.35 127.355 74.4 137.036 76.25 148.012 78.3
85.34 65.6 93.851 67.25 108.296 71.2 117.544 72.65 124.061 74.7
83.935 64.65 92.906 67 105.667 70.2 112.956 71.15 116.599 72.75
89.639 66.113 99.445 70.438 114.783 71.900 122.583 73.213 129.437 74.988
5.965 1.390 7.353 5.962 9.873 1.793 10.440 2.158 13.402 2.358
86.115 64.2 95.391 66.5 107.178 69.05 111.662 69.95 117.538 71.2
119.442 71.05 131.842 73 151.764 76.9 161.252 78.35 170.411 80.55
100.853 68.1 112.356 70.55 126.776 74.1 138.392 75.3 150.405 77.8
84.152 63.9 91.374 70.55 102.356 68.6 109.629 69.05 111.563 70.65
97.641 66.813 107.741 70.150 122.019 72.163 130.234 73.163 137.479 75.050
16.334 3.412 18.462 2.694 22.467 4.024 24.482 4.424 27.814 4.899
90.163 68.55 101.6 70.2 118.502 72.65 125.611 73 131.731 75.1
68.079 61 79.545 64 93.262 67.8 103.14 69.75 111.268 71.3
108.45 73 119.87 74.4 139.424 77 150.201 78.3 155.982 80
93.953 68.05 100.425 68.75 111.175 70.3 110.361 70.15 114.022 71.2
90.161 67.650 100.360 69.338 115.591 71.938 122.328 72.800 128.251 74.400
16.698 4.960 16.487 4.290 19.101 3.913 20.809 3.942 20.591 4.151
116.542 72 130.461 74.35 148.162 78.1 159.512 79 165.436 80.35
45.22 51.3 52.935 55 65.546 58.7 73.289 60.5 82.999 63.5
78.437 65.25 86.706 67.45 99.642 70.7 111.056 70.7 114.021 74.2
84.464 64.65 93.724 66.6 107.435 69.65 108.182 72.2 113.329 71.3
81.166 63.300 90.957 65.850 105.196 69.288 113.010 70.600 118.946 72.338
29.223 8.666 31.791 8.023 33.932 7.998 35.437 7.641 34.202 6.996
108.111 68 119.161 70 135.064 72.35 142.791 73.25 148.138 74.65
48.917 54.1 55.334 56.4 66.148 59.8 73.068 71.6 80.462 63.7
99.396 68.9 112.04 71.3 129.35 74.35 142.052 76.05 148.791 78.1
102.43 70.8 111.543 73 124.2 75.3 129.826 76.45 131.824 77.5
89.714 65.450 99.520 67.675 113.691 70.450 121.934 74.338 127.304 73.488
27.436 7.656 29.662 7.616 32.004 7.206 33.116 2.315 32.199 6.696
120.362 72.05 134.134 74.2 151.665 77.2 164.064 77.8 171.149 79.7
74.623 62.5 84.485 64.95 95.703 68.4 106.232 69.85 115.902 72.7
78.047 63.85 82.73 64.6 91.621 65.4 101.556 66.8 108.762 68.1
99.301 67 107.987 69.15 120.787 70.3 107.921 73.05 134.562 73.85
93.083 66.350 102.334 68.225 114.944 70.325 119.943 71.875 132.594 73.588
21.211 4.242 24.125 4.488 27.669 5.008 29.537 4.703 27.910 4.773
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group week terrapin weight (g) plastron (mm)
fk 1 ml2-1 7.375 25.65
ml2-2 6.579 24.95
ml2-3 6.852 26.25
ml2-4 7.228 26.3
average 7.009 25.788
sd 0.361 0.632
fk 2 snsib-1 8.869 26.95
snsib-2 14.207 30.3
snsib-4 12.765 29.1
snsib-6 10.993 28
average 11.709 28.588
sd 2.305 1.440
fnk 2 sn2-5 9.125 29.95
ml1-5 4.799 23.45
ml2-5 12.479 32.35
snsib-7 14.986 31.75
average 10.347 29.375
sd 4.410 4.080
unk 2 sn2-1 14.391 33.75
ml1-1 7.498 24.4
ml2-1 15.592 34.75
snsib-1 11.41 28.1
average 12.223 30.250
sd 3.607 4.877
fk 3 sn2-1 16.932 35.5
sn2-2 17.972 31.05
sn2-3 9.537 28.05
sn2-4 18.73 38.75
average 15.793 33.338
sd 4.235 4.732
fk 4 ml1-1 11.505 29.2
ml1-2 11.61 29.6
ml1-3 6.406 23.35
ml1-4 6.692 28.6
average 9.053 27.688
sd 2.894 2.921
fnk 4 sn2-8 26.29 42.4
ml2-8 13.139 33.1
snsib-10 13.645 31.2
unknown 1 17.725 34.5
average 17.700 35.300
sd 6.084 4.923
uk 4 ml2-3 20.535 38.9
ml2-5 23.62 41.8
ml2-6 19.481 40.25
ml2-7 23.391 41.55
average 21.757 40.625
sd 2.067 1.336
unk 4 sn2-2 23.74 40.8
ml1-7 9.403 27.3
ml2-2 19.75 38.4
snsib-2 26.431 40.7
average 19.831 36.800
sd 7.474 6.430
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fk 5 ml2-1 27.679 43.1
ml2-2 23.832 41.6
ml2-3 25.344 41.8
ml2-4 26.536 42.7
average 25.848 42.300
sd 1.648 0.716
fnk 5 sn2-7 39.299 48.2
ml1-7 11.771 30.35
ml2-7 29.701 44.8
snsib-9 35.365 47.75
average 29.034 42.775
sd 12.164 8.419
uk 5 sn2-1 27.672 43.5
sn2-5 21.553 40.65
sn2-6 33.67 46.9
sn2-8 32.824 46.35
average 28.930 44.350
sd 5.587 2.882
unk 5 sn2-3 14.511 32.2
ml1-5 10.976 30.05
ml2-6 24.272 43.7
snsib-4 27.199 46.9
average 19.240 38.213
sd 7.731 8.334
fk 6 snsib-1 29.584 43.5
snsib-2 43.996 49.05
snsib-4 35.785 46.4
snsib-6 29.332 43.8
average 34.674 45.688
sd 6.894 2.592
fnk 6 sn2-5 28.563 45.1
ml1-5 15.699 34.55
ml2-5 39.339 50.95
snsib-7 43.532 50.25
average 31.783 45.213
sd 12.439 7.572
uk 6 ml2-1 37.158 47.95
ml2-6 32.021 47.9
ml2-7 39.188 49.65
ml2-8 22.75 39.95
average 32.779 46.363
sd 7.335 4.352
unk 6 sn2-3 19.307 36.15
ml1-3 10.12 28.85
ml2-3 33.092 46.3
snsib-9 45.361 53.1
average 26.970 41.100
sd 15.474 10.733
fk 7 sn2-1 43.89 51.55
sn2-2 45.435 52
sn2-3 22.505 38.3
sn2-4 49.077 53.35
average 40.227 48.800
sd 12.013 7.042
fnk 7 sn2-6 51.776 54
ml1-6 13.569 31.8
ml2-6 35.075 50.3
snsib-8 51.536 54.75
average 37.989 47.713
sd 18.059 10.785
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uk 7 snsib-6 34.553 41.4
snsib-7 51.204 54
snsib-9 51.911 55.9
snsib-10 40.263 43
average 44.483 48.575
sd 8.500 7.431
unk 7 sn2-7 55.309 55
ml1-2 27.192 42
ml2-2 38.58 49.1
snsib-2 51.249 52.7
average 43.083 49.700
sd 12.767 5.679
fk 8 ml1-1 28.887 41.35
ml1-2 35.345 45
ml1-3 15.735 33.55
ml1-4 16.837 33.7
average 24.201 38.400
sd 9.523 5.712
fnk 8 sn2-7 62.138 56.55
ml1-7 23.261 39.95
ml2-7 51.433 54.4
snsib-9 61.854 59
average 49.672 52.475
sd 18.298 8.559
uk 8 ml2-3 43.247 50.6
ml2-5 54.268 56.6
ml2-6 40.053 59.95
ml2-8 33.674 45.4
average 42.811 53.138
sd 8.613 6.447
unk 8 sn2-1 49.981 53.75
ml1-5 25.462 41.05
ml2-1 49.401 53.1
snsib-1 44.393 49.45
average 42.309 49.338
sd 11.508 5.840
fk 9 ml2-1 57.288 56.1
ml2-2 54.173 55.1
ml2-3 49.682 53.4
ml2-4 49.293 53.6
average 52.609 54.550
sd 3.825 1.282
fnk 9 sn2-8 69.205 59.4
ml2-8 38.55 49.95
snsib-10 42.056 49.95
unknown-1 57.635 55.25
average 51.862 53.638
sd 14.230 4.583
uk 9 sn2-4 64.377 57.55
sn2-5 48.297 54.35
sn2-6 70.516 61.1
sn2-7 68.746 58.55
average 62.984 57.8875
sd 10.125547 2.792064648
unk 9 sn2-3 29.173 42.85
ml1-3 19.435 37.35
ml2-6 45.785 54.4
snsib-4 61.385 55.7
average 38.945 47.575
sd 18.497 8.934
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fk 10 snsib-1 64.11 57.45
snsib-2 85.396 63.5
snsib-4 73.769 59.88
snsib-6 62.596 56.75
average 71.468 59.395
sd 10.522 3.048
fnk 10 sn2-5 60.617 61
ml1-5 42.417 50.35
ml2-5 79.025 64.8
snsib-7 82.269 63.4
average 66.082 59.888
sd 18.434 6.549
uk 10 ml2-1 67.9 59.4
ml2-6 54.19 57.9
ml2-7 70.543 60.45
ml2-8 49.224 53.15
average 60.464 57.725
sd 10.370 3.225
unk 10 sn2-4 75.623 61.15
ml1-4 26.629 40.6
ml2-4 60.448 57.8
snsib-8 71.529 61.05
average 58.557 55.150
sd 22.230 9.824
fk 11 ml1-1 47.15 50.35
ml1-2 65.023 57.45
ml1-3 30.571 44.15
ml1-4 30.755 42.25
average 43.375 48.550
sd 16.392 6.868
fnk 11 sn2-7 87.71 62.7
ml1-7 39.004 48.85
ml2-7 77.012 62.65
snsib-9 84.72 66.7
average 72.112 60.225
sd 22.527 7.817
uk 11 sn2-2 81.905 63.2
sn2-5 68.682 61.5
sn2-6 92.331 66.45
sn2-8 92.271 65.65
average 83.797 64.200
sd 11.205 2.270
unk 11 sn2-3 42.464 48.8
ml1-6 31.783 44.7
ml2-2 74.533 61.1
snsib-1 69.15 59.35
average 54.483 53.488
sd 20.631 7.990
fk 12 sn2-1 90.971 66.45
sn2-2 91.896 66.4
sn2-3 50.639 53.3
sn2-4 93.227 66.15
average 81.683 63.075
sd 20.717 6.518
fnk 12 sn2-6 101.236 69.35
ml1-6 37.471 48.05
ml2-6 67.424 61.7
snsib-8 80.263 63.3
average 71.599 60.600
sd 26.681 8.992
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uk 12 snsib-2 104.678 68.1
snsib-7 89.77 66.8
snsib-9 92.009 68.55
snsib-10 69.536 61
average 88.998 66.113
sd 14.541 3.488
unk 12 sn2-5 78.459 65.15
ml1-2 77.845 61.35
ml2-4 74.298 61.95
snsib-6 74.105 61
average 76.177 62.363
sd 2.296 1.899
fnk 13 sn2-8 120.362 72.05
ml2-8 74.623 62.5
snsib-10 78.047 63.85
unknown-1 99.301 67
average 93.083 66.350
sd 21.211 4.242
fnk 13 sn2-6 116.542 72
ml1-6 45.22 51.3
ml2-6 78.437 65.25
snsib-8 84.464 64.65
average 81.166 63.300
sd 29.223 8.666
unk 13 sn2-2 106.032 69.4
ml1-1 62.689 56.5
ml2-1 92.951 66.25
snsib-6 84.152 63.9
average 86.456 64.013
sd 18.217 5.492
fnk 14 sn2-7 119.161 70
ml1-7 55.334 56.4
ml2-7 112.04 71.3
snsib-9 111.543 73
average 99.520 67.675
sd 29.662 7.616
uk 14 sn2-3 72.222 60.8
sn2-5 101.6 70.2
sn2-6 130.461 74.35
sn2-8 134.134 74.2
average 109.604 69.888
sd 28.857 6.356
unk 14 sn2-2 119.932 70.85
ml1-3 50.378 53.95
ml2-5 119.87 74.4
snsib-6 91.374 70.55
average 95.389 67.438
sd 32.883 9.160
fk 15 sn2-1 128.924 72.7
sn2-2 136.799 74.65
sn2-3 88.534 60.05
sn2-4 134.922 74.5
average 122.295 70.475
sd 22.756 7.006
fnk 15 sn2-8 151.665 77.2
ml2-8 95.703 68.4
snsib-10 91.621 65.4
unknown-1 120.787 70.3
average 114.944 70.325
sd 27.669 5.008
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uk 15 ml1-2 120.571 70.45
ml1-5 93.262 67.8
ml1-6 65.456 58.7
ml1-7 66.148 59.8
average 86.359 64.188
sd 26.227 5.820
uk 15 snsib-1 107.178 69.05
snsib-7 111.175 70.3
snsib-8 107.435 69.65
snsib-9 124.2 75.3
average 112.497 71.075
sd 8.013 2.863
fk 16 ml2-1 122.797 72.8
ml2-2 137.036 76.25
ml2-3 117.544 72.65
ml2-4 112.956 71.15
average 122.583 73.213
sd 10.440 2.158
fnk 16 sn2-6 159.512 79
ml1-6 73.289 60.5
ml2-6 111.056 70.7
snsib-8 108.182 72.2
average 113.010 70.600
sd 35.437 7.641
unk 16 sn2-4 146.215 76.3
ml1-7 73.068 71.6
ml2-5 150.201 78.5
snsib-8 108.182 72.2
average 119.417 74.650
sd 36.241 3.309
fk 17 ml1-1 97.042 65
ml1-2 139.226 74.25
ml1-3 73.851 61.65
ml1-4 73.057 57.6
average 95.794 64.625
sd 31.018 7.094
uk 17 ml2-2 148.012 78.3
ml2-6 114.021 74.2
ml2-7 148.791 78.1
ml2-8 115.902 72.7
average 131.682 75.825
sd 19.324 2.811
unk 17 sn2-4 156.274 77.4
ml1-6 82.999 63.5
ml2-3 124.061 74.7
snsib-9 131.824 77.5
average 123.790 73.275
sd 30.462 6.644
Table 2: weight and plastron length for experimental groups, including mean and standard deviation
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df mean square f-ratio p
3 51.148 0.2423 0.8865
3 545.101 1.9003 0.1396
3 101.426 0.5006 0.6834
3 206.153 1.4457 0.2388
3 219.395 3.7842 0.0151*
Table 3: One-Way ANOVA analysis of aggregations of terrapin groups
p value
0.0042*
0.0114*
0.0141*
0.6258
0.7204
0.9011
source df mean square f-ratio p
kin 1 688.889 3.944 0.0516
kin/nonkin p-value
upper tail 0.9742
lower tail .0258*
factor correlation ANOVA p-value
week -0.73055 <.0001*
mean weight -0.7403 <.0001*
weight sd -0.60384 <.0001*
Table 7: correlation analysis of average number of terrapins on site with respect 
to mean weight, week, and weight standard deviation
Table 4: t-test analysis of four terrapins on the 
basking site of differing groups
Table 6: t-test analysis of kin vs. nonkin 
aggregations of four terrapins on the basking site
Table 5: One-Way ANOVA analysis of kin vs nonkin aggregations of four 
terrapins on the basking site
y = 2.355 - 0.056x
comparison groups
familiar kin -     familiar nonkin
familiar kin - unfamiliar siblings
familiar kin - unfamiliar nonkin
unfamiliar nonkin - familiar nonkin
unfamiliar kin - familiar nonkin
unfamiliar nonkin - unfamiliar kin
linear regression line of fit
y = 2.873 - 0.146x
y = 2.588 - 0.018x
number of terrapins on site per trial
0
1
2
3
4
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behavior df mean square f - ratio p
aggressive behaviors 3 456.967 3.2969 0.0266*
direct aggression 3 308.653 2.913 0.0419*
threat aggression 3 23 1.9212 0.1362
biting 3 158.776 2.1939 0.0984
aggressive stance 3 1.41313 2.0514 0.1166
blocking 3 18.5518 1.9814 0.1268
shaking 3 102.514 7.1765 0.0004*
climbing 3 522.78 4.0052 0.0117*
gaping 3 6401.16 0.8046 0.4964
aggressive displacement 3 16.7786 1.0235 0.389
spatial displacement 3 117.606 2.6046 0.0604
passive displacement 3 0.862654 0.8868 0.2353
total forced displacement 3 216.799 2.4867 0.0695
Table 8: one-way ANOVA analysis for all behaviors by all groups
behavior correlation linear regression line of fit p-value
aggressive behaviors 0.382309 0.0022*
direct aggression 0.377387 0.0025*
threat behavior 0.193653 0.1315
biting 0.189829 0.1395
forced displacement 0.491762 <.0001*
aggressive displacement 0.165233 0.1993
climbing 0.637986 <.0001*
shaking 0.520494 <.0001*
spatial displacement 0.565047 <.0001*
gaping -0.12661 0.3268
behaviors correlation p-value
aggressive behaviors -0.22004 0.1
direct aggression -0.23249 0.0818
threat behavior -0.0756 0.5762
biting -0.0857 0.5262
forced displacement -0.31426 0.0173*
aggressive displacement 0.009242 0.9456
climbing -0.45788 0.0003*
shaking -0.30724 0.0213*
spatial displacement -0.43569 0.0007*
gaping 0.253586 0.057
Table 10: correlation of behaviors to weight standard deviation of experimental terrapins
behavior correlation linear regression line of fit p-value
aggressive behaviors -0.40183 0.0019*
direct aggression -0.41088 0.0015*
threat behavior -0.17114 0.2031
biting -0.2616 0.0493*
forced displacement -0.32569 0.0134*
aggressive displacement -0.01939 0.8861
climbing -0.44368 0.0005*
shaking -0.36538 0.0056*
spatial displacement -0.42917 0.0009*
gaping 0.1938 0.1486
y = 0.809 + 2.446x
linear regression line of fit
y = 4.307 + 0.004x
y = 18.573 - 0.597x
y = 5.281 - 0.142x
y = 10.115 - 0.328x
y = 9.806 - 0.212x
y = 4.048 - 0.028x
y = 4.353 - 0.066x
y = 14.784 - 0.328x
y = 4.917 - 0.138x
y = 14.147 - 0.802x
y = 19.064 - 0.940x
y = 13.854 - 0.240x
y = .0.622 + 2.539x
y = -1.817 + 4.477x
y = 56.919 - 12.757x
y = 0.277 + 4.002x
y = 11.649 - 0.691x
y = 6.452 - 0.351x
y = 21.169 - 1.237x
y = 4.539 - 0.018x
y = 16.660 - 0.728x
y = 7.410 - 0.430x
Table 9: correlation of behaviors to the average number of terrapins on the basking site
Table 11: correlation of behaviors to experimental week
y = 2.876 + 5.390x
y = 0.327 + 4.612x
y = 2.549 + 0.778x
y = 1.099 + 1.886x
y = 1.475 + 5.399x
y = 3.125 + 0.7598x
y = -4.075 + 8.864x
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comparative groups p-value
unfamiliar nonkin - familiar nonkin 0.0066*
unfamiliar nonkin - unfamiliar kin 0.01270*
unfamiliar nonkin - familiar kin 0.2177
familiar kin - familiar nonkin 0.1163
familiar kin - unfamiliar kin 0.2229
Table 12: t-test for aggressive behaviors by group
comparative groups p-value
unfamiliar nonkin - unfamiliar kin 0.0133*
unfamiliar nonkin - familiar nonkin 0.0153*
unfamiliar nonkin - familiar kin 0.1748
familiar kin - unfamiliar kin 0.2343
familiar kin - familiar nonkin 0.2558
Table 13: t-test for direct aggression by group
comparative groups p-value
familiar kin - familiar nonkin 0.0023*
familiar kin - unfamiliar kin 0.0105*
familiar kin - unfamiliar nonkin 0.1272
unfamiliar nonkin - familiar nonkin 0.0994
unfamiliar nonkin - unfamiliar kin 0.2663
Table 14: t-test for climbing by group
comparative groups p-value
familiar kin - familiar nonkin 0.0123*
familiar kin - unfamiliar kin 0.0498*
familiar kin - unfamiliar nonkin 0.3216
unfamiliar nonkin - familiar nonkin 0.1152
unfamiliar nonkin - unfamiliar kin 0.3121
Table 15: t-test for spatial displacement by group
comparative groups p-value
familiar kin - unfamiliar kin 0.0002*
familiar kin - familiar nonkin 0.0004*
unfamiliar nonkin - unfamiliar kin 0.0226*
unfamiliar nonkin - familiar nonkin 0.0323*
familiar kin - unfamiliar nonkin 0.1071
Table 16: t-test for shaking behavior by group
comparative groups p-value
unfamiliar nonkin - familiar kin 0.0259*
unfamiliar nonkin - unfamiliar kin 0.0537
unfamiliar nonkin - familiar nonkin 0.0591
familiar kin - familiar nonkin 0.7479
familiar kin - unfamiliar kin 0.781
Table 17: t-test for biting by group
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